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The development of functional activity by the medullary tissue of the 
suprarenal gland of the mouse is the subject of this study. Embryonic 
and post-natal stages are considered. 

The beginning and development of the chromaffin reaction has been 
worked out microscopically, parallel with observations on the morpho- 
logical differentiation of the tissue. Evidence has been collected confirm- 
ing the validity of the chromaffin reaction as a test for epinephrin, at 
least in the tissue which produces epinephrin. The morphological and 
microchemical data have been checked by testing with the isolated intes- 
tine strip method for the presence of inhibitory action in extracts of early 
embryonic material. 

Evidence will be presented which indicates that epinephrin begins to 
be stored in the cells immediately upon their differentiation. Attention is 
called to an extra-uterine retardation in development of the suprarenal 
of the mouse, with a short gestation period, as compared to the corre- 
sponding intra-uterine stages of the pig with a long gestation period. 

I wish to express my grateful acknowledgment to Dr. C. H. Danforth 
for suggesting this problem and for his helpful criticism of the work. 

SUMMARY OF PREVIOUS WORK. Various workers have obtained results 
by physiological tests indicative of the presence of epinephrin in embryonic 
suprarenal tissue of mammals, but have made no significant attempt to 
determine the time of the first appearance of epinephrin. (Langlois and 
Rehns, 1899; Moore and Purinton, 1900; Svehla, 1900; McCord, 1915; 
Lewis, 1916.) 

Histologists have described the chromaffin reaction of Henle in em- 
bryonic medullary tissue of various mammals (Soulie, 1903; Wiesel, 
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1902). Kohn (1902) and Weymann (1922), in the rabbit and pig respec- 
tively, observed its presence as early as the period of beginning migration 
of the future medullary cells into the suprarenal cortex. 

In view of the fact that tissue containing epinephrin is the only tissue 
that shows the chromaffin reaction on treatment with dichromate solutions, 
and because epinephrin solutions and suprarenal tissue give qualitatively 
the same reduction product, chromium dioxide, with dichromate solutions, 
it has been currently assumed that epinephrin is the only substance in 
chromaffin tissue which produces the reaction. There is, however, the 
possibility, not considered by Weymann, that other substances chemically 
allied to epinephrin might appear in the cell and give the reaction. A 
physiologically inactive precursor of the final product, epinephrin, might 
occur in the cell and reduce the dichromate before any epinephrin had 
actually formed, and the intensity of the chromaffin reaction of a cell 
would then not be an indication of its epinephrin content. Evidence 
which partially meets this objection I present below. 

CONSIDERATION OF THE CHROMAFFIN REACTION. Ogata (1916) has 
shown that the reduction of dichromate by epinephrin is caused by the 
two phenolic groups in the ortho position of the benzene nucleus. From 
the work of Dakin (1905), Dale and Dixon (1909), and Barger and Dale 
(1910) one may conclude that these particular groups are only two of 
several whose effect seems to combine to produce the typical pharmaco- 
logical action of the epinephrin molecule. In the words of Barger and 
Dale, ‘“‘A catechol nucleus is not an essential constituent of the molecule 
of a sympatho-mimetic substance, but merely an optimum condition for 
this activity of amines. The optimum carbon skeleton for sympatho- 
mimetic activity consists of a benzene ring with a side chain of two carbon 
atoms, the terminal one bearing the amino group. Another optimum 
condition is the presence of two phenolic hydroxyls in the 3:4 positions 
relative to the side chain; when these are present an alcoholic hydroxyl on 
the beta carbon atom of the side chain still further increases the activity.” 

The work indicates the relatively minor significance of the phenolic 
groups in the probable interaction of one group on another in the epi- 
nephrin molecule in the production of the typical chemical action of the 
whole molecule in the animal body. If this conception be a true one, it 
illustrates the dynamic structure of molecules. 

Since the chromaffin reaction has been shown to be a test for the two 
phenolic groups only, it would be significant to determine at what stage 
they occur chemically available in the manufacture or liberation of the 
whole molecule by the medullary tissue. The colorimetric test for epi- 
nephrin of Folin, Cannonand Denis (1913) throws some light on this point. 
This reaction of epinephrin with phosphotungstic acid is characteristic of 
di- and tri-phenols (Folin and Denis, 1912). Folin, Cannon and Denis, 
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using Elliott’s blood pressure method of epinephrin assay, found the colori- 
metric reaction in extracts of suprarenal tissue to coincide with the physio- 


logical strength. Animals used were sheep and cattle. 
This evidence indicates that the phenolic groups, in the process of 
epinephrin manufacture, appear chemically available in the cell coincident 


with the appearance of the whole molecule. Consequently the chromaffin 
reaction should likewise be a quantitative test for epinephrin in the tissue. 
This, however, is only established for those species for which the diphenol 
content and the content determined by physiological methods have been 
shown to be identical, viz., cattle and sheep. There might conceivably 
be variations in the chemistry of epinephrin manufacture in different species, 
and it must be borne in mind that any substance with the catechol nucleus 
free in the tissue would also give the chromaffin reaction. 

I have partially completed chemical work on this point which indicates 
that in mice, cattle and goats the chromaffin reaction is quantitatively 
identical with the epinephrin content of the suprarenal. The reaction, 
however, may not be delicate enough for histological detection in a cell 
in the act of elaborating a small amount of epinephrin and expressing it as 
fast as it is produced. A certain amount of stored epinephrin may be 
necessary to give a discernible reaction, therefore it is possible that during 
differentiation a cell might give a negative microchemical test even though 
it was in reality producing a small amount of epinephrin. 

HISTOLOGICAL STUDY OF DEVELOPMENT OF THE SUPRARENAL MEDULLA. 
I have studied the beginning and development of the chromaffin reaction 
in the suprarenal medulla of the mouse, and have confirmed Weymann’s 
results as to the early manifestation of this character and its gradual 
assumption by individual cells. 

Method: Pregnant females were killed with ether, as this was found not to 
lessen the reaction. Embryos up to the thirteenth day were fixed in toto. 
With stages of 14 to 17 days the entire lumbar region was used. For 
18-day embryos and all above this age the suprarenals were dissected out 
practically free of surrounding tissue, as they are by this time compact and 
easily handled, although only about 0.5 mm. in diameter. Tissue was 
fixed in Mueller’s fluid from 4 to 7 days. This length of time was pre- 
ferred to less as the chromium dioxide precipitate is less easily washed out 
by subsequent treatment. Larger pieces of tissue were washed 1 to 2 
hours in running water, but it was found unnecessary to wash isolated 
suprarenals. They were brought up through four strictly neutral alco- 
hols to absolute in minimum time, as the precipitate is very easily washed 
out. Chromium dioxide is only fairly insoluble in water, and also, since 
the coagulable framework of the embryo cell is relatively slight, and the 
amount of epinephrin also very slight at best, the precipitate is quite 
easily lost, and care must be taken to leave material in aqueous solu- 
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tions as little time as possible. The tissue was dehydrated, cleared in 
xylol, and embedded in paraffin in the usual manner. 

Paraffin sections of 14 to 15 micra thick were cut. They were stained 
in hematoxylin only, as eosin is apt to cover up the reaction in the lighter 
stages. The color distinction was enhanced by the use of blue light, 
although it was always possible to distinguish the reaction in strong day- 
light alone. 

The ages of embryos from the time of insemination are known exactly in 
a few cases, the remainder are known to within 24 hours only. In the 
mouse insemination is followed by fertilization within 6 to 10 hours 
according to Sobatta (1895), usually within 5 to 6 hours according to 
Danforth (1916). All individuals sectioned are from different litters, and 
average lengths were taken after fixation in Bouin’s or Zenker’s fluids, 
while in 80 per cent alcohol, unless otherwise stated. 

The ages of the post-natal specimens are known from birth only. In 
the mouse birth ordinarily takes place from 19 to 21 days after fertilization, 
rarely later, but usually on the 20th day. Therefore in the following series 
of post-natal stages there is a possible error of 48 hours or even more 
in reckoning the age from fertilization. However, it suffices to show 
roughly the relationships involved. 

Observations (see table 1 for development by 24 hour periods). The 
first appearance of the chromaffin reaction takes place between the latter 
part of the fourteenth day and the first half of the fifteenth. This is at a 
time when the future medullary cells are just beginning their penetration 
between cortical cells, leaving the sympathetic ganglion anlage, or sym- 
patho-chromaffin mass, which is closely applied to the suprarenal cortex at 
this time. The sympatho-chromaffin mass at this time is made up of cells 
for the most part of embryonic type. A few of them acquire somewhat 
darker nuclei, a differentiation frequently correlated at this period with 
the assumption of a chromaffin reaction. The cortex at this time is sur- 
rounded bv a clear cut layer of fibroblasts which in some cases includes the 
whole sympatho-chromaffin mass, in others it separates the two except at 
a few points, through which migration takes place. 

While migration is in progress there appear in the sympatho-chromaffin 
mass three classes of cells: 1. Cells with nuclei of 15 to 18 micra, light and 
delicately reticulated. 2. Cells with nuclei of 6 to 8 micra, deeply stained, 
with a thick network of chromatin. 3. Actual or potential chromaffin 
cells, nuclei 7 to 9 micra, fairly deeply stained. Types 1 and 2 remain 
outside the cortex in the sympathetic ganglion anlagen, type 3 for the most 
part passes into the central part of the cortex within 24 hours. 

The connective tissue boundary completely surrounds the gland at the 
end of the migration period. About 25 per cent of type 3 cells are chro- 
maffin at this time. The reaction is not apparently deepened or affected 
in any way by relation to cortical tissue. There is no correlation between 
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density of nucleus and degree of chromaffin reaction at this stage. In fact, 
those without any brown color often have the darkest nuclei. This isthe re- 
verse of what appears in the earlier stages, when the first indications of chro- 
maffin reaction are often associated with a slight darkening of the nuclei. 

As type 3 cells become mature secretory cells, they gradually acquire 
a chromaffin reaction, while the nuclei enlarge and stain less deeply. 
All the medullary cells do not acquire a chromaffin reaction until 5 to 7 
days after birth, and the average maximum intensity is not attained until 
about 14 days after birth. 

The types of sympathetic cells have been classified by previous writers in 
a conflicting manner, apparently from an attempt to divide the sympa- 
thetic tissue at this stage of differentiation of the medullary cells into only 
two kinds, and consider one or the other as future chromaffin tissue. 
Kohn (1903) considers the large lightly staining type to be the future 
chromaffin cells (they resemble chromaffin cells of the adult type) and 
calls the small dark elements the sympathetic cells. Soulie (1903) 
takes exactly the opposite stand, calling the large light cells the future 
sympathetic ganglion cells, and the small, deeply staining variety the 
future chromaffin cells. I have observed that both kinds remain in about 
equal numbers in the ganglion anlage after immigration into the suprarenal 
cortex has been completed. 

The fact that certain cells in a hitherto apparently homogeneous group 
start at a given time to acquire the power to reduce chromates, while other 
adjacent cells do not, points to something inherent in the cell, rather than 
in its environmental conditions, as the cause of this specialization. 

COMPARISON OF MOUSE AND PIG DEVELOPMENT. Certain points in the de- 
velopment of the suprarenal medulla of the mouse and the pig may be com- 
pared in tabular form. ~ The figures on the pig were computed according to 
Weymann’s results, given in millimeters only, and from a table of Soulie. 
Assuming that my figures on post-natal stage are correct to within 48 
hours as indicated above they show a retardation of development after birth. 
Although the medulla starts developing 3 days earlier in the mouse than in 
the pig, it is consistently several days behind in later developmental stages. 


AGE IN DAYS FROM FERTILIZATION 


Mouse Pig 


First appearance of chromaffin reaction. . \| (Birth at 20) 17-18 
Reaction first present in all medullary cells. . 25-27 20-21 
Reaction intensity attains its maximum 31-34 29-30 
Medullary cells all centrally placed constituting 
a typical suprarenal medulla........ ; 35-39 32-33 
(Birth at 119) 


STAGE 
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This effect is either a result of birth or of a slower developmental rate 
in the mouse than in the pig. The former seems to-be more probable. 
Definite points in the development of other organs should be compared in 
similar fashion, and if they are not slowed down proportionately, it would 
seem that birth makes an especial demand on the suprarenal medulla. 
If so it is suggested that this is a response of the organism to the lowered 
temperature of its changed environment, which drains ‘':: medulla of its 
epinephrin and keeps it from accumulating any extra at chis stage. This 
seems probable in view of the work of Cannon and Querido (1924). The 
increased tax on the gland may not only prevent increased storage of 
epinephrin but may be a possible factor in slowing down morphological 
development. This explanation of the observed delay in extra-uterine 
development is purely hypothetical at present. 

PHYSIOLOGICAL ACTION OF EXTRACTS OF THE EMBRYONIC SUPRARENAL. 
In addition to the above microchemical study, extracts of the embryonic 
mouse suprarenal in physiological saline were tested for their effect on the 
contractions of an isolated intestine preparation. The inhibition of peri- 
stalsis with lowering of tonus is an effect of epinephrin manifested regu- 
larly by lower concentrations than cause a minimal sustained rise in blood 
pressure, according to Hoskins and McClure (1912). Stewart (1912 
has refined the technique of isolated intestine strip testing, and his method 
has been followed with a few changes. When, as in this method, a small 
chamber is used, it is well adapted to testing small amounts of material. 

tesults are definitely positive for the presence of epinephrin during and 
after the fifteenth day of fetal life. 

Females were killed with ether. The embryo suprarenals were dis- 
sected out, along with the ganglion mass in the 14 to 16 day stages, later 
as free as possible from other tissue. They were macerated between 
slides, the smear allowed to dry at room temperature, taken up in 4 ce. 
of Ringer’s solution and placed on ice. Allowing it to stand about 12 
hours was found better than immediate testing, as this permitted freer 
dialysis into the solution. Solutions should not stand much over this time, 
as there is of course continuous loss from oxidation. 

A strip of mouse jejunum about 8 mm. active length was arranged in a 
cell of 4 ec. capacity, placed in a large water bath maintained at a tem- 
perature of 37.5°C. constant to within 0.2°. The cell was supplied with a 
slow and steady stream of oxygen, entering at the bottom through a very 
fine tube pointed downward to attain small bubbles. Rhythmic con- 
tractions in Ringer’s solution were established, and the solutions to be 
tested (at the same temperature) introduced by pipetting into the bottom 
of the cell and allowing the contents to overflow. The rate of oxygen 
supply must be constant, as the strip responds quickly in amplitude of 
contraction to a change in oxygen, but the slow introduction of a solution 


972 


274 EVELYN HOWARD MILLER 


not previously exposed to an oxygen stream does not change the available 
concentration enough to affect the curve in any way. In short, no change 
in the curve results from replacing Ringer’s by Ringer’s except after the 
preparation has been working for some time and shows fatigue by a gradual 
drop in amplitude, when sometimes fresh Ringer’s increases its amplitude 
for 1 to 13 minutes. Extracts of embryonic liver, muscle or connective 
tissue, made in the same way and allowed to stand for the same length of 
time as those of the suprarenal gland, increase the amplitude of contraction. 


TABLE 2 


Effect of suprarenal extracts on intestinal strips 


NUMBER OF 
REMARKS 
EMBRYOS EFFECT 


Had stood 20 hours without ice 
| Had stood 20 hours without ice 
Had stood 20 hours without ice 
Anemics* 
18 Increased tonus, decreased amplitude 
18 
17 (early 
15 
14 Slight increase in amplitude only 
3 anemics* 18 
4 normal 
5 normal 17 (early 
5 normal 16 (early 
6 18 


Lowering of tonus with decrease in amplitude. 
Absolute inhibition of contraction until solution was replaced by fresh 


* An anemic strain appearing in certain white mice (de Aberle, 1924). 

The ages are estimatedfrom general morphology and average litter length. The 
embryos used in test 8 were probably below the age at which any epinephrin exists. 
Test 4 is therefore the only exception to expected regular inhibitory effect, and may 
represent either a subnormal litter, a greater relative oxidation during extraction, or, 


most probably, less complete extraction. 


Preparations varied widely in type and general vigor of contraction. 
All tests of embryonic suprarenals were carried out on a preparation of 
good vigor which had been beating steadily and with regularity ever since 
its isolation at least ten minutes before. The extract was replaced with 
saline, which in all cases after sufficient washing brought back the curve 
to its previous type. All tests were controlled by extracts of non-chro- 
maffin embryonic tissue (liver or skeletal muscle) which in all cases caused 


TEST | 
BER 
days 

9 

2 

4 

5 

6 

7 

9 {17 

10 
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marked increase in amplitude, and by extracts of older glands or Parke 
Davis & Co.’s adrenalin chloride. (See table 2 for results in detail. 
Some of the results are shown graphically in the accompanying tracings. 
Figure 1 shows prompt inhibition of peristalsis by an extract of the 
suprarenals of 17 embryos, with return to normal after three washings in 
Ringer’s solution. 


Fig. 1. Total inhibition by mouse embryo suprarenal extract. 1, Addition of 
extract 9 (17 individuals) in Ringer’s. 2, 3, 4 and 5, Replacement by Ringer’s solu- 
tion. 


Fig. 2. Partial inhibition by mouse embryo suprarenal extract. 8, Addition of 
extract 10 (6 individuals) in Ringer’s. 9, Accidental motion of the drum. 10 and 
Replacement by Ringer’s. 


Figure 2 shows marked abrupt diminution of amplitude with drop in 
average tonus maintained, by extracts of suprarenals of 6embryos. ‘This 
is followed by a gradual resumption of previous activity as the concentra- 
tion of epinephrin is decreased. At 9, beginning just after mechanical 
irregularity, there appears a period of activity comparable to the activity 
before addition of the extract; 70 and 1/ show the initial stimulation of a 
change of saline, followed by fairly regular and maintained beating. 

Figure 3 shows prompt inhibition by adrenalin 1:1,000,000 in saline, 
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on the above preparation when more fatigued. At /8, marked stimulation 
by change of saline, followed by a gradual relaxation. This may be 
analogous to the effect following 9, figure 2. At 19, when adrenalin is 
more thoroughly removed, there is less marked drop. 

Figure 4, at 32, shows the effect of embryonic skeletal muscle on the 
same preparation when quite fatigued; stimulation of amplitude very 
marked, with slight drop in mean tonus. 

This substantiates the results of others by different methods for the pres- 
ence of epinephrin at a very early stage. In this case I have shown a 
peripheral effect to be present immediately after assumption of a slight 
amount of chromaffin reaction by a few of the medullary cells, before they 
are in their final positions relative to sustentacular tissue, cortical tissue, 
or each other. 


Fig. 3. Inhibition by Park, Davis & Co.’s adrenalin. 15, Addition of adrenalin 
chloride 1:1,000,000 in Ringer’s. 16-17, One minute by stopwatch. 17-17’, One 
minute by stopwatch. 1/8 and 19, Replacement by Ringer’s. 


Fig. 4. Stimulation by tissue extract. 3/, Ringer’s replacing Ringer’s. 32, 
Embryonic skeletal muscle extract in Ringer’s. 33, Replaced by Ringer’s. 


CONCLUSIONS 


The chromaffin reaction first appears in the cells of the future suprarenal 
medulla of the mouse at a time when small groups of these cells are begin- 
ning to enter the cortex from the sympathetic ganglion anlage. The 
medullary cells are of a different type from two other kinds which exist in 
the ganglion in about equal numbers after the immigration of the medullary 
cells is completed. 

The evidence for the validity of the chromaffin reaction as a test for free 
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epinephrin in suprarenal tissue is not entirely beyond question; but a 


tional evidence in support of this view is presented. 
Inhibition of the beating of the isolated intestine strip is obtained by 


extracts of suprarenals from embryos beginning at a stage during which 


migration of the medulla into the cortex is still in progress. 


BIBLIOGRAPHY 


pE ABERLE, 8. B. 1924. Anat. Rec., xxvii, 177 

BarGeErR, G. anD H. H. Date. 1910. Journ. Physiol., xli, 
Cannon, W. B. ann A. QuEeRIDO. 1924. Proc. Nat. Acad 
Dakin, H. D. 1905. Proc. Roy. Soc. London, Ixxvi, 493 
Dae, H. H. ann W. E. Dixon. 1909. Journ. Physiol., xxx 
DanrortH, C. H. 1916. Anat. Rec., x, 355. 

Fouin, O. anpD W. Denis. 1912. Journ. Biol. Chem., xii, 239 
Foun, O., W. B. CANNON AND W. Denis. 1913. Journ. Biol 
Hoskins, R. G. ann C. W. McCiure. 1912. This Journal, xxxi, 59 
Koun, A. 1903. Arch. f. Mikr. Anat., Ixul, 263 

LANGLotis, J. P. anp J. Reuns. 1899. Compt. Rend. Soe. Biol 
Lewis, J.H. 1916. Journ. Biol. Chem., xxiv, 249. 

McCorp, C. P. 1915. Journ. Biol. Chem., xxxili, 435. 
Moore, B. ann C. O. Purtnton. 1900. This Journal, i 
Ocata, A. 1916. Journ. Pharm. Chem., xiv, 144 

Sopotta, J. 1895. Arch. f. Mikr. Anat., xlv, 15 

Souuig, A. H. 1903. Journ. de |’Anat. et de Physiol., 
Stewart, G. N. 1912. Journ. Exper. Med., xv, 547. 
Svenza, K. 1900. Arch. Exper. Path. u. Pharm., liii, 32 
WeyMANN, M. F. 1922. Anat. Rec., xxiv, 299 

WieseEL, J. 1902. Zentralbl. f. Physiol., ii, 614 


277 
15 
il, 477 


CONTRIBUTION TO THE SUBJECT OF VENTRICULAR 
MEMBRANE ACTIVITY AND INNERVATION 
OF THE STOMACH 


GOTTFRID THORELL 


Report from the Pharmacological Section of the Royal Caroline Instituie, Stockholm 
Received for publication September 3, 1925 


The capacity of the mucous muscular system to exert independent 
activity and the question whether it has the power to influence the for- 
mation of the mucous membranes of the stomach and intestines have been 
the object of research of several observers. Physiologists have in the 
past tried to solve the question but without success. For a long time 
it was thought that the folds in the stomach and intestines were constant 
formations, the original form of which could not be altered except pos- 
sibly by the action of the muscularis propria. Thus the matter stood 
until the publication in 1913 of Prof. Gésta Forssell’s observations, made 
by means of x-rays as well as by anatomical preparations, which indicated 
with the greatest degree of probability the presence of a considerable 
mechanical action in the mucous membrane of the digestive passages. 
He was of opinion that this mechanical movement codperated with the 
muscularis propria, completing and perfecting the work of the latter 
(1913). In the most recently published work of the same observer (1923), 
Professor Forssell shows how greatly the mucous membrane of the stom- 
ach and intestines varies in appearance, and it is seen from several 
experiments and illustrations that this change in appearance is to a great 
extent independent of the contents of the digestive canal and the activity 
of the muscularis propria. 

Lately physiologists have been near to solving the question definitely. 
King and Arnold published their observations on the mucous membrane 
of dogs in 1922, from which they considered that the fold-formations as 
well as other raised portions and depressions in the mucous membrane, 
were caused by the activity of the mucous membrane itself. 

After various attempts to penetrate more deeply into the subject, both 
by means of roentgenology and experiments on living animals, it gradually 
became evident that the simplest way would be to record graphically the 
capacity of the separated musculature of the mucous membrane of reacting 
against different means of irritation. At first it was found after certain 
experiments that the stomachs of frogs were the most suitable for the 
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purpose in question. I proceeded in the following manner. After 


decerebrating the animal the abdominal covering was cut open and the 
stomach pulled out. It was then separated from the duodenum, close 
to the pylorus, and cut open along the large curvature, right up to the 
esophagus. The exposed mucous membrane was then cleaned from 
slime and other contents of the stomach by means of a frog Ringer solu- 
tion. At the edge a small opening was made with forceps between the 
membrane and the muscularis propria. The point of a blunt syringe 
was inserted in this opening, and a charge of frog Ringer solution was 
injected with great force in the opening between the membrane and 
the muscularis propria. I used a Record syringe for the purpose. After 
this it was easy to separate the two layers and forceps had only to be used 
in places where they stuck together. Thereupon one of the edges of the 
liberated membrane was fastened with an ordinary wooden clothes-peg 
and in the other edge was fastened a holder provided with a number of 
small hooks, the holder also having a hook for fastening the thread to a 
writing pen. The ready preparation was not quickly fastened in the 
registration apparatus and was loaded with the writing pen plus a small 
weight fastened to the pen, which weight was to serve for stretching the 
preparation. The latter in consequence had to support a weight varying 
from 0.4 to 0.6 gram. 

Various irritations were now used in order to make the musculature of 
the preparation act. The attempts made, comprising some 100 in num- 
ber, go to show that the part of the stomach wall separated in the above 
described manner from the muscularis propria possesses capacity to 
react in the great number of cases against different irritations to which 
it is subjected.. Certain preparations, it is true, were practically immova- 
ble when irritated by different means, but others showed capacity to 
react very strongly. One would be inclined to think that in the cases 
where strong records have been obtained some pieces of tunica muscularis 
may not have been separated and that the strong reactions produced 
were really caused by pieces of this part of the stomach wall. It is, 
however, easy to show by means of histological preparations that this 
was not the case. 

It is also remarkable what a long life the mucous membrane possesses 
after being separated. In a few cases the reaction capacity was retained 
after several hours from the time it was separated in spite of the mus- 
culature having been exposed to rather varying toxic effects. 

The next task was to try to find, by means of pharmaceutic prepara- 
tions, the motor innervation in the muscularis mucosae. With this 
object in view, I selected suprarenin, acetylcholin and pilocarpin. It 
being known from earlier investigations that the said poisons in weak 
solutions irritate the sympaticus, respectively the parasympaticus, one 
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is justified in assuming that, if some reaction can be obtained with these 
poisons in weak solutions, nerve elements of the above kind are present 
in the matter which is being investigated. 

To begin with, only preparations of frog ventricles were used. Owing 
to the small size of the organ, I was compelled to use the whole of the 
mucous membrane with its muscularis mucosae separated from the 
ventricle wall. It often happened then that in treating the preparation 
with suprarenin different reactions could be obtained. In many cases the 
musculature relaxed, but in some cases it contracted when suprarenin 
of the same strength was applied. When later there was an opportunity 
to examine parts of the stomach of human beings, pigs and rabbits, it 
became apparent why diverging results had been obtained when prepara- 
tions from the whole ventricle had been used. It was then seen that prep- 
arations of fornix had contractive reactions against suprarenin solutions 
1:200,000 and weaker, whereas preparations of the sinus and canalis 
egestorius and of the curvatura minor in their whole extent relaxed 
from the effect of the same solutions. It thus appeared as if the sympa- 
ticus in different parts of the ventricle had a different function, inasmuch 
as it raises the activity in the fornix and produces contraction of the 
muscularis mucosae, while it relaxes the same musculature inthe curvatura 
minor, sinus and canalis egestorius. 

In order to obtain greater clearness in these varying conditions of 
innervation, it became necessary successively to investigate more sys- 
tematically the reaction of the stomach mucous membrane against the 
above irritations. The investigations, amounting to some 50 in number, 
have mainly been made on stomachs of rabbits and also of men, about 
10 cases, and of pigs. In designating the different parts of the ventricle 
I have followed the nomenclature used by Professor Forssell in his work 
(1913). 

Pieces of mucous membrane from the fornix and the greater part of 
the corpus at the boundary between the fornix in the curvatura major 
and its vicinity showed, without exception, contraction on applications 
of suprarenin in solutions of 1:200,000 and weaker. In the greater part 
of the sinus and in the whole of the canalis egestorius the circumstances 
were the reverse. Without exception here was shown a lowering of the 
activity in the musculature, if a distinct reaction was produced at all. 
If one approached the curvatura minor and took preparations along its 
whole extent the suprarenin always produced a distinct reaction, charac- 
terized by lowering of the activity. A stoppage of proceeding rhythmic 
contractions of the mucous membrane when suprarenin was applied to 
such preparations on which it had the effect of lowering the activity, 
sometimes came out particularly well. 

When the preparations were treated with pilocarpin or acetylcholin 
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the reactions were quite different. In the fornix and corpus in the vicinity 
of the curvatura major small contractions were sometimes produced by 
pilocarpin and acetylcholin. Occasionally a slight lowering of the activ- 
ity was obtained with solutions of 1:20,000 respectively 1:100,000 of 
the same substances. The closer one approached the sinus, and in the 
whole of the sinus and the canalis egestorius along the curvatura major, 
distinct contractions were produced by solutions of pilocarpin and acetyl- 
cholin. The same was the case along the whole of the curvatura minor. 
If the preparation showed rhythmic contractions they were usually en- 
larged by pilocarpin and acetylcholin, and such contractions often took 
place after irritation with the said poisons where such contractions had 
not before been visible. 

-It should be noted that parts of the mucous membrane of the curva- 
tura minor above the angulus could not be obtained quite separate from 
the muscularis propria, and the latter has, as a rule, formed part of these 
preparations. When the muscularis propria is so firmly united to the 
mucosa it is naturally difficult to judge in how far the muscularis mucosae 
has participated in the reactions shown by this part of the ventricle. 

If one tries to show by means of illustration how the innervation con- 
ditions appear in the muscularis mucosae it would have the appearance 
of figure 4. This figure represents the mucous membrane of the ventricle. 
Letter S indicates that these places are innervated by the sympaticus 
and letter V that these places are innervated by the vagus or the para- 
sympaticus. A plus sign after the letter means that the nerve irritates 
the musculature to contraction and a minus sign after the letter means 
that the nerve produces a lowering of the activity in the musculature. 

It is no doubt surprising at first that an organ to all appearances so 
homogeneous as the stomach should have varying innervation conditions 
in different parts of its walls. Something similar, however, exists, ac- 
cording to previous information, in the bladder, where Elliott (1906-1907) 
in his investigations has found motor-innervation of the vagus in certain 
parts and motor-innervation of the sympaticus in other parts. 

The next question is, what are the conditions in the muscularis propria 
and how does the latter react when it is and when it is not separated 
from the mucosa. At investigations of the muscularis propria it has not 
always been possible to obtain such distinct results as when investigations 
have been made solely with the muscularis mucosae. Nevertheless, I have 
succeeded in obtaining fairly good evidence that the nature of the in- 
nervation in the muscularis propria is practically the same as in the mus- 
cularis mucosae from the investigations I have made of parts of ventricles 
belonging to man as well as pigs and rabbits. 

In regard to the fornix, contraction has usually been obtained by means 
of suprarenin and occasionally also by the parasympathetic poisons. 
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The nearer one approached the pylorus along the curvatura major the 
stronger the contractions were with the parasympathetic poisons, whereas 
suprarenin has sometimes produced distinct lowering of the activity and 
restriction of the rhythmic activity in the musculature. Along the 
curvatura minor the same results were as a rule obtained as with the 
mucosa preparations when it was possible to separate the latter from the 
muscularis propria. 

When making roentgenologic studies of the movement of the stomach, 
observers like Cannon, Forssell, Groedel, Sick and others have found that 
this organ produces an activity showing considerable variations when 
the whole of the wall or when the mucous membrane alone is concerned. 

The investigations described above form a further contribution to the 
number of proofs already available that the stomach is not what was 
formerly to a great extent believed, viz., merely a reservoir without any 
permanent capacity to prepare and treat the food either for resorption 
or further forwarding to the other parts of the digestive duct. Owing to 
changes in the activity of the parasympaticus and sympaticus there is 
opportunity for an exceedingly complicated play of muscles, and the great 
activity to which the muscularis mucosae can be irritatd throws a fresh 
light on the importance of this part of the stomach for the preparation 
and forwarding of the food. 

I have also to some extent studied the effect of concentrated calcium 
and potassium preparations on the irritability of the sympaticus and 
parasympaticus. So far it has been possible to ascertain that calcium 
to a great extent increases the irritability against suprarenin application, 
at the same time as calcium alone appears to raise the activity of the 
muscles, partly direct and partly via the nerves. Varying results have 
been obtained with different concentrations of potassium; these results, 
however, are not yet ripe for publication. 

By means of the above investigation I have been able to show that: 

1. Professor Forssell’s assumption, published in 1913, relating to the 
presence of a mechanism of movement in the mucous membrane of the 
stomach has proved to be correct. 

2. This mechanism of movement is to be found in muscularis mucosae. 

3. This musculature possesses capacity to survive the stoppage of the 
blood circulation in certain cases for a period of several hours. 

4. The sympaticus appears to create a motor-innervation of the greater 
part of the fornix of the ventricle and the parts of the curvatura major 
nearest to it, and this applies both to the muscularis mucosae and to a 
great extent to the muscularis propria. The sympaticus exerts, on the 
other hand, a distinct tonus-lowering activity along the whole curvatura 
minor and in the canalis egestorius. 

5. The parasympaticus or the vagus has occasionally proved to be 
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tonus-lowering in the fornix’s muscularis mucosae, otherwise tonus- 
raising in other parts of the ventricle, and this applies especially to the 
curvatura minor and the parts of the organ nearest the pylorus. A dis- 
tinct increase of the rhythmic movements in both the muscularis mucosae 
and in the muscularis propria often takes place through the action of the 
parasympathetic poisons. 

6. Increase of the calcium concentration in the solutions often contracts 
both the muscle layers and appears to increase the irritability in the 
sympaticus. 
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THE MONOSEGMENTAL INNERVATION OF THE MUSCLE 
FIBERS OF THE M. GASTROCNEMIUS OF THE FROG 
S. DE BOER 
From the Pathological Laboratory of the University Amsterdam 
Received for publication August 8, 1925 
In a previous investigation (1925) I gave evidence, that the 8th and 9th 


thoracic nerves innervate each a separate part of the gastrocnemius 
muscle. I left open the possibility that some of the muscle fibers might 


be innervated from both nerves. To decide now the question whether the 
Sth and 9th thoracies do or do not innervate a common part of the gastroc- 
nemius muscle, I have continued this investigation. First I repeated the 
experiments of Beritoff (1924). According to Beritoff, the contractility 
of a muscle increases for a certain time after the refractory stage. When 


Beritoff caused a short tetanus of the gastrocnemius muscle from one 
anterior root he obtained during about 3 minutes afterwards an increased 
twitch after applying a single induction shock to the other anterior root. 
Beritoff concluded from this result that both anterior roots innervate a 
common part of the gastrocnemius. I have repeated this experiment 
oftentimes. The result of one experiment is shown in figure 1. In the 
beginning an induction shock was applied to th. 9. Then a short tetanus 
was caused after stimulation of th. 8. At the end of this tetanus th. 9 
was again stimulated by an induction shock with the result that the height 
of the twitch which follows was not increased. My experiments lead 
therefore to a conclusion opposite to that of Beritoff. After that I followed 
again another way and measured the tension developed after stimulating 
th. 8 and also that after stimulating th. 9. Then I registered the tension 
of the gastrocnemius muscle after stimulating both nerves simultaneously. 
In this way I found that the tension of the muscle after stimulating th. 8 
and th. 9 simultaneously was smaller than the sum of the tensions obtained 
after stimulating th. 8 and th. 9 separately. Professor Hill to whom I 
described this result was of opinion that it was due to the fact that the fibers 
of the gastrocnemius are not in the same direction. I agree with this 
explanation. I wished to measure the heat-production from stimulating 
both roots separately and simultaneously to see if the latter value was equal 
to or less than the sum of the two former values. Because I had no room, 
apparatus and experience enough to do these experiments in Amsterdam 
I asked Professor Hill to do them for me in his laboratory. Professor Hill 
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answered that the experiment which I proposed had already been done in 
his laboratory and was shortly to be published. Therefore I continued 
my investigation by means of the string galvanometer and measured the 
manifest potential differences after stimulating both roots separately 
and simultaneously. I used the Amsterdam pattern of the Einthoven 
string galvanometer and made use of a silvered quartz string (the platinum 
strings which I normally use for the registration of the E. K. G. are not 
fit for this purpose). Because the biphasic leading-off which Samojloff 
(1924) used must be rejected, I placed one leading-off electrode on a 
cauterised part of the muscle near the Achylles tendon and the other under 
the nervous equator. From these experiments it was evident, that the 


deflection obtained by monophasic leading-off after stimulating th. 8 
plus the deflection obtained after stimulating th. 9 was equal to the deflec- 
tion obtained after stimulating both nerves simultaneously. An example 
of such an experiment is shown in figure 2. Here a deflection of 2.25 mM 
was obtained after stimulating th. 8, a deflection of 9.5 mM after stimu- 
lating th. 9, a deflection of 11.75 mM after stimulating th. 8 plus th. 9. 
From this experiment it is evident that not even a part of the gastroc- 
nemius is innervated by both nerve roots (8 and 9). This muscle therefore 
is composed of two different sets of fibers each of which is innervated by one 
anterior root. That those two sets work independently of each other in 
electrical and chemical sense was demonstrated in my previous com- 
munication. 
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In the course of some experiments concerned with the passage of dyes 
through collodion membranes, observations were made which explain cer- 
tain phenomena described by many investigators in their attempt to com- 
prehend renal activity. The object of this paper is, therefore, to give the 
results of these observations which may serve to correct certain of these 
ideas. 

The present conception of the mechanism of the elimination of dyes 
by the kidney is that it is brought about by a process of filtration through 
the glomeruli, secretion by the tubules, or by a combination of these two 
processes. In the case of filterable dyes it is not difficult to understand 
how these may pass through the kidney by any one of these processes. 
But there are dyes, however, which when judged by their inability to pass 
through a collodion membrane have been described and accepted as being 
totally unfilterable. Collodion membranes, as regards other constituents 
of the plasma, offer a legitimate comparison with the glomerulus when their 
ability to act as filters is considered. Such dyes, therefore, allowing the 
legitimacy of the use of collodion membranes, could not conceivably have 
passed through the glomeruli by mere filtration. Their appearance in 
the urine has therefore been responsible for several theories. For ex- 
ample, de Haan and Bakker (1922), (1923), on the basis of the appearance 
of such supposedly unfilterable dyes in the urine, deny the impermeability 
of the glomerular membrane to proteins. Others, also, have been forced 
to question the function of the glomeruli as simple filters and therefore 
to suggest some unknown process by means of which the glomerulus, 
although essentially a filter, nevertheless, would somehow do what ex- 
perience has never shown to be possible. 

While the above is briefly the situation concerning dyes and the ex- 
planations offered for their passage through the glomeruli, it will be seen 
that any process involving the passage of these substances from the blood 
through the kidney by way of the tubular epithelium meets the same 
difficulties as already described for the glomeruli. Unless one supposes 
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a power of phagocytosis by the tubule cells, it is necessary for a substance 
to be in a diffusible form before it can enter or leave the tubule cells and 
subsequently be eliminated in the urine. In other words where there is 
secretion there must be filtration and where no filtration is possible, neither 
will there be secretion. Filterability is the only factor in glomerular filtra- 
tion; but it is only one of the factors in secretion. The term secretion as 
applied by its advocates (Marshall and Vickers, 1923; Edwards and 
Marshall, 1924; Grollman, 1925) merely refers to a method of elimination 
by means of the morphologically complex epithelial cells of the renal 
tubule instead of by the simpler cells of the glomerulus. 

The belief that dyes, like toluidine blue, sodium carminate, et al, which 
although excreted by the kidney, are entirely non-filterable and therefore 
require the above-mentioned theories to explain their elimination, is 
based chiefly on the work of de Haan (1922). The data given by this 
observer are, however, quite inaccurate. This is attributable to two 
sources of error in his experiments. The first, affecting quantitative 
accuracy, is his failure to obtain a true equilibrium. It has been pointed 
out elsewhere (Grollman, 1925) that dyes are highly adsorbed by collodion. 
Hence, it is insufficient merely to ultrafilter a quantity of fluid through 
such a membrane and note the concentration of the ultrafiltrate in order to 
determine the ability of the substance filtered to pass through. The 
substance in solution, as is usually the case with dyes, is at first adsorbed 
by the collodion and hence the ultrafiltrate is clear. This, of course, 
would indicate non-diffusibility of the dye. But this is misleading. In 
order to be accurate, untrafiltration must be continued until a true 
equilibrium is established between membrane and fluid. When this is 
done, further filtration results in the production of a filtrate of constant 
composition which is in true equilibrium and therefore corresponds to 
the free solute in the solution that is being ultrafiltered. Some substances 
such as phenolsulphonephthalein (phenol red) reach equilibrium com- 
paratively quickly and thus make possible the studies described else- 
where (Grollman, 1925). 

The failure of de Haan to note the above phenomenon is evidenced by 
his results with phenol red. The value given by him (70 per cent) for 
an aqueous solution is entirely too low owing to the fact that complete 
equilibrium was not obtained. Had he continued his operation with the 
renewal of the solution of the dye, he would have obtained 100 per cent 
as the true value for the concentration of phenol red in the ultra-filtrate, 
and his results from blood plasma would be correspondingly higher. 
The apparent ease with which this insidious error may be made is also ex- 
emplified with other substances. Thus it required the filtration of 100 ce. 
of a solution of tetrachlor-phenolsulphonephthalein (containing 60 mgm. 
of dye in 1 liter of solution) before the solution passed through unchanged 
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in concentration. Until this amount has been filtered, the concentration 
of the ultrafiltrate gradually increases. 

The second error, quite distinct from the one just mentioned, is found 
in the apparent belief that a dye, if non-filterable in an aqueous solution, 
is also non-filterable in Ringer’s solution or in blood serum. The latter, 
of course, is the true environment in which the dye occurs when pre- 
sented to the kidneys and hence is the condition to be considered 
in in vitro comparisons. As a matter of fact, the salts present in serum 
appreciably alter the filterablity of dyes in solution so that whereas they 
may be quite non-filterable in aqueous solution, the addition of salt in 
the concentration present in blood serum, may render the dye partially 
diffusible. This may be due to either a change in the condition 
of the dye itself or to an effect on the permeability of the collodion 


TABLE 1 


PERCENTAGE FILTERABLE 


DYE USED 
From aqueous From frog's From frog 
solution Ringer serum 


Gentian violet 0 0 0 
Stilbene blue 0 0 0 
Erie violet Slightest 
trace 
Phenol red 100 
Tetrachlor phenolsulphonephthalein........ 100 
Dibrom phenolsulphonephthalein 100 
Dibrom thymolsulphonephthalein........... 100 
Sodium carminate 10 
Buffalo fast crimson 


membrane. Some dyes referred to in the literature as absolutely 
unfilterable are actually filterable to quite an extent. Thus indigo- 
carmine which de Haan found to be filterable to but 35 per cent is actually 
completely filterable if the necessary precautions are followed. The 
figures with blood plasma which de Haan gives are also correspondingly 
low. Hence the calculations from his findings are not typical of the 
actual conditions obtaining in the kidney. The effect of the addition 
of salts is strikingly shown when sodium carminate is used. In aqueous 
solutions this substance, passes through collodion in very slight traces. 
In Ringer’s solution, however, as high as 50 per cent was obtained in the 
ultrafiltrate. In experiments using the plasma from frog’s blood by the 
method described in the experiments with phenol red (Grollman, 1925), 
both sodium carminate and toluidine blue were found to pass through the 
filter. 
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In table 1 are given the results of a study of the filterability of ten 
representative dyes, varying in their ability to pass through collodion 
membranes from the highly dispersed sulphonephthalein dyes to the 
colloidal and non-filterable gentian violet and stilbene blue. In each 
case the solution ultrafiltered contained 60 mgm. of dye per liter and in 
the table are given the percentage of this concentration which appeared 
in the ultrafiltrate. In the case of gentian violet and stilbene blue no dye 
is detectable in the ultrafiltrate even after very prolonged filtration. 
They may, therefore, be considered as truly unfilterable. Erie violet 
after 10 hours’ continuous filtration showed a faint trace in the ultrafil- 
trate from aqueous solution. The series of sulphonephthaleins and 
Buffalo fast crimson, on the other hand, are completely filterable, passing 
through a collodion membrane in unchanged concentration, after a 
sufficient time has elapsed for the attainment of equilibrium. In no case 
in which the dye in aqueous solution passes through the collodion mem- 
brane does it fail to do so when dissolved in serum. In other words, 
there is always some free dye present in the blood as must necessarily 
be the case from the nature of the binding as has been demonstrated 
(Grollman, 1925). This free dye when removed from the blood stream 
by the tissues is renewed to maintain the equilibrium between free and 
bound dye and hence there is always present an amount capable of being 
acted on by the kidneys or other organs as in the case of other diffusible 
substances. 

Thus it becomes apparent that all theories advanced to explain the 
elimination of these substances on the hypothesis that they are entirely 
non-filterable, are unwarranted. But in order to extend the study further 
and to determine at greater length the general relation obtaining between 
filterability and the behavior of dyes when introduced into the living 
animal all the dyes available in the laboratory! were used in order to see 
if any generalization was possible concerning the relation of this physical 
property of dyes and their behavior in the animal body. 

The series of dyes given in table 2 had been previously studied by Dr. 
J. G. Edwards of this laboratory with regard to their distribution and 
elimination in the living kidney of frog and rat. In this table are pre- 
sented the results of a series of experiments which illustrate what happens 
in the frog when representative dyes from each of three classes are used, 
i.e., dyes which are readily excretable, those which are excreted in small 
amounts, and those which are not excreted at all. The degree to which 
these results support the generalization made in this paper, is apparent 


1 The dibromphenolsulphonephthalein used in this work was kindly furnished 
by Dr. H. A. Lubs, of the Du Pont Co.; the tetrachlorphenolsulphonephthalein by 
Dr. E. C. White of Hynson, Westcott & Dunning; and the trisulphoneviolet by the 
Color Laboratory of the Bureau of Chemistry, Washington, D. C. 
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from the table. The method used was as follows: For each experiment, 
six frogs (Rana pipiens) of the same sex and size were selected,—-one 
frog for each dye. In the three experiments, performed on three consecu- 
tive days, eighteen frogs were used, the same dye being injected in the 
same amount into a different frog each day. In two experiments, the in- 


TABLE 2 


AMOUNT FRACTION 
VOLUME DYE OF or BLOOD 
DYE USED OF CONCENTRATION INJECTED CONCENTRATION 


URINE IN URINE ptr DYE EX- AFTER 3 HOURS 
CRETED 
CRETED 


mgm. per 100 cc mgm. per cent mgm. per 100 cc. 

0.: 2 
Phenol red ‘ od 3: 
| 


Dibrom phenolsulphone- 


Tetrachlorphenolsulphone- 
phthalein 3 
0.1 |0. 16 
0.01 | | 42 
| Very faint High 
trace 


Sodium carminate.. 


01 Blood colored 
yellow 

| | 0.0006 Blood colored 
yellow 
002 High 


42 
Trisulfon violet (Erie violet).. f 0.2 
High 


Total injected 0.6 mgm. 
+ Total injected 0.9 mgm. 
Analyses impossible due to fecal discoloration. 


jections were made intraperitoneally, in the other, into the dorsal lymph 
sac. The cloaca was cannulated so that the urine was collected in a 
bulb blown into one end of the cannula. At the end of three hours the 
frogs were anesthetized with urethane, the urine collected both from the 
bulb and, after dissection, the bladder. Immediately after the collection 
of urine, blood was taken by making a slit in the ventricle or arterial 


| 
2.8 6.4 0.2 17 
2.0 4.6 0.1 S Trace 
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trunk. Thus it was possible at the end of three hours to determine the 
amount of dye in urine and blood. 

The fate of a dye introduced into the blood stream cannot be explained 
in a simple manner owing to the complexity and number of the channels 
by which it may be eliminated. Certain helpful deductions can, however, 
be made and these will be briefly described. In order for the dye to be 
able to leave the blood stream with any degree of rapidity it must ob- 
viously be of such a size as to be able to pass through the capillary wall. 
Dyes which are of a purely colloidal character, i.e., non-filterable through 
membranes, such as collodion, can not rapidly leave the blood and enter 
the tissues or be eliminated by the liver or kidneys. Of this type may be 
be mentioned crystal violet, gentian violet, stilbene blue and Erie-violet. 
None of these appears in the urine in detectable amounts, nor do they 
accumulate in the kidney, liver or other tissues to any marked degree 
(Edwards, personal communication). A second type contains a small 
percentage of free dye. To this type belong trypan blue, the carminates, 
trypan red, toluidine blue, etc., which though highly colloidal in aqueous 
solution are still filterable to a small extent even in blood plasma. There 
is thus a chance for these dyes to be eliminated and stored in the tissues. 
If injected into frogs, the latter are seen to be diffusely stained and as 
high as 1 per cent of the injected dye may be eliminated in the urine 
within several hours. In the third class are dyes which are filterable in 
aqueous solution. They, like the others, are bound to some extent by the 
proteins of the plasma, but a higher percentage remains free or filterable. 
These are either quickly taken up and eliminated by the kidney or liver 
or else are diffusely distributed throughout all the organs. This class of 
substances is represented by the sulphone dyes of table 2. Buffalo 
fast crimson whose filterability is given in table 1 is likewise of this type. 
It is entirely filterable, i.e., dispersed in aqueous solution to a degree 
permitting its passage through collodion unchanged in concentration. 
It is rapidly excreted in the urine of the frog. Thus in an experiment in 
which 1.2 mgm. of the dye was injected as described above, 40 per cent 
was recovered in the urine after three hours. 

Therefore, it appears that dyes which are completely filterable in 
aqueous solution, i.e., phenol red, dibromphenolsulphonephthalein and 
tetrachlorphenolsulphonephthalein, are eliminated in relatively large 
amounts in the urine. On the other hand, sodium carminate, toluidine 
blue and trypan blue are only slightly filterable. They appear in the 
urine in small amounts never larger than that accountable by mere in 
vitro filteration. It should be noted that readily filterable dyes are not 
necessarily rapidly excreted in the urine. Some of the sulphonephthalein 
series of indicators of Clark and Lubs (1922) such as dibromthymolsul- 
phonephthalein, dibromcresolsulphonephthalein and thymolsulphone- 
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FILTERABILITY AND EXCRETION OF DYES 


phthalein, are but slowly excreted although readily filterable through 


collodion. These substances when introduced into the organism are 
rapidly distributed throughout the body, causing a diffuse stain of the 
tissues. Many non-filterable dyes, on the other hand, are slowly elimi- 
nated from the blood stream and are found, soon after their injection, 
in the lymph. The behavior of these substances may be attributed to an 
active phagocytosis. 


SUMMARY 


The ability of the frog’s kidney to eliminate dyes introduced into the 
blood stream is intimately related to and determined in great part by their 
filterability. The technique of in vitro determinations of filterability 
is described and errors in the results of previous workers pointed out. 


Grateful acknowledgment is due Prof. E. K. Marshall, Jr., for many 


valuable suggestions and criticisms, and Dr. J. G. Edwards for aid in the 
biological part of the experiments reported in this paper. 
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* Since Fischer’s reply (1912) to Bauer’s objections (1911), a number of 
investigations have confirmed Fischer’s view (1912) that water absorp- 
tion by the brain and nervous tissue is a colloid-chemical phenomenon, 
as is water absorption by all other cells and tissues (Fischer, 1907). 
Liesegang’s studies (1910) had pointed out a relation between the “‘acidity”’ 
of the gray matter of the brain, (or a general “hyperacidity” of all the 
tissues of the organism) and the swelling of ganglion cells or the entire 
brain. The increase of brain volume from the normal of 86 to 91 per 
cent of the cranial capacity to 98 to 100 per cent in thymectomized dogs 
indicated, in view of the increased “acidity” of the brain, that the 
swelling was due to the accumulation of acid. Objections to Liesegang’s 
conclusions have been answered by Liesegang and Mayr (1917). 

Further proof for Fischer’s colloid-chemical explanation of water 
absorption and edema is found in Poetzl and Schueller’s report (1910) 
of two cases of lethal brain swelling following syphilis. These authors 
explain the swelling as due to oxygen deficiency in the tissues with the 
consequent accumulation of lactic and other acids. 

The investigations heretofore carried out on water absorption by the 
brain from the colloid-chemical point of view have dealt with the brain 
in its entirety. A study of localized differences in brain swelling should 
throw light on both physiological and psychological problems. Reich- 
ardt (1911) has called attention to the fact that the expression “brain 
swelling’? must not be taken to mean that the entire brain is in this 
abnormal state but that the swelling may be localized in distinct areas or 
in individual cells. A consideration of the differences in the chemical 
constitution of the different parts of the central nervous system alone 
suggests that different portions of the brain must yield different types of 
water absorption curves which in their turn might be affected differently 
by various chemical substances. It was upon this assumption that we 
undertook the following experimegtgs. 

EXPERIMENTAL METHODS. A healthy rabbit was quietly taken from 
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Fig. 3. mM/6 glucose 
Fig. 4. 3n/10000 HCl 
Fig. 5. 0.00264 gm. creatinine in 100 ce. 
solution 
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its cage and quickly decapitated. The brain was removed at once and 
divided into four parts: cerebral hemispheres (severed through the 
peduncles), midbrain, cerebellum and medulla. Each of these parts was 
symmetrically divided. The symmetrical halves, after weighing, were 
dropped into two covered receptacles, the one containing 15 cc. water 
as control, the other 15 ec. of the solution under study. The brain sub- 
stance in each container was weighed at specified intervals. 

Figures 1, 2, 3, 4, 5, are the graphs plotted respectively from the data. 


CONCLUSIONS 


1. The cerebral cortex, midbrain, cerebellum and medulla of the rab- 
‘bit’s brain show each a characteristic curve of water absorption. 

2. These water absorption curves are not affected in the same way nor 
to the same extent by equimolar solutions of glucose or NaCl. 

3. In 3/10000 n HCl the cerebral cortex and midbrain show no greater 
amount of swelling than in water (presumably because the acid produced 
post mortem acidified the distilled water to this extent). 

4. The four curves of swelling are affected differently by glucose, 
NaCl, HCl and creatinine. In the NaCl solution the cerebellum shows 
the greatest and the medulla the least amount of swelling; whereas in 
the glucose solution the greatest amount of swelling occurs in the medulla 
and the least swelling in the cerebral hemisphere. 
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It is generally recognized that at high altitudes the breathing is more 
rapid and of greater volume than at sea-level. Hingston (1925), in a 
description of the physiological difficulties in the ascent of Mount Everest, 
states that when the body was at rest at great altitudes the rate of breath- 
ing was apparently normal and as comfortable as at sea-level. “But 
the very slightest exertion, such as the tying of a bootlace, the opening 
of a ration box, the getting into a sleeping bag, was associated with marked 
respiratory distress.”” In a statement of medical aspects of high flying 
published by the Air Medical Investigation Committee in England 
(Birley, 1918) it is reported that “the slightest exertion brings on dysp- 
nea, and this is particularly noticeable among observers when fighting, 
taking photographs, etc.’’ One is inclined to get the same impression 
of dyspnea during physical work under a low barometric pressure in a 
low pressure chamber. This has been very noticeable at the lowest pres- 
sures and often with heavy loads of work a feeling of tiredness and a 
desire to breathe more moderately is present but the air hunger at the 
same time keeps urging to greater effort in order to ventilate the lungs 
more adequately. However, just why this feeling occurs so constantly 
is not evident from our data, on the minute volume, depth and frequency 
of breathing, obtained during various loads of work on the bicycle 
ergometer at pressures down to that corresponding to an altitude of 
25,000 feet. The distress is probably due to a combination of factors, 
respiratory and circulatory. 

Our observations on the volume and frequency of respiration have been 
made on 8 subjects. Special attention was given to the respiratory valves 
employed in order that the resistance to breathing might be reduced to a 
minimum. The arrangement that was finally adopted has been described 
in article 1 (1925) of this series. 

As a typical case we present the data of H. M., who served as a subject 
in more experiments than any other. His average minute-volume and 
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frequency of breathing are tabulated in table 1 and are given graphically 
in figures 1 and 2 for loads of 2000, 4000 and 6000 foot-pounds at baro- 
metric pressures comparable to those of sea-level, 10,000, 15,000, 20,000 
and 25,000 feet. The minute-volume of breathing was found to be only 
moderately increased for any given load of work with each step of de- 
crease in barometric pressure. The average minute-volume with a load 
of 2000 foot-pounds was 21.1 liters at sea-level, at 10,000 feet it was 
augmented 10 per cent, at 15,000 feet 21 per cent, at 20,000 feet 36 per 
cent, and at 25,000 feet 62 per cent. With a load of 4000 foot-pounds 
the minute volume was 36.1 liters at sea level, it was increased by 8 per 
cent at 10,000 feet, 24 per cent at 15,000 feet, and 49 per cent at 20,000 
feet. It was deemed unwise to have this subject do as much as 4000 
foot-pounds of work at a pressure comparable to 25,000 feet. With a 
load of 6000 foot-pounds the minute volume of breathing averaged 48.7 
liters at sea-level and was increased by 14 per cent at 10,000 feet, 23 per 
cent at 15,000 feet, and 42 per cent at 20,000 feet. 


TABLE 1 
Subject H. M. 


MINUTE-VOLUME OF BREATHING IN LITERS | FREQUENCY OF BREATHING 


| 20,000 | 25,000 


10,000 | 15,000 | 20,000 | 25,000 | 
feet | feet 


feet feet | feet | pate 


10,000 15,000 
feet feet feet 
—|- 
| 


Load |Sea-level 
| 


4/ 7.8] 9.8 | 16.3 | 22.9 
2 | 25.6 | 28. 34.1 | 20.8 8 | 25.5 | | 30.0 
| | 39.0 | | : 

6,000) 48.7 | 55.7 


That the influence of a lowered barometric pressure on the minute- 
volume of breathing may not be much greater during work than during 
rest is shown by the percentage of increase at the pressure that simulated 
an altitude of 20,000 feet. There H. M. showed during rest an increase 
of 27 percent in the respiratory volume over his normal for sea-level. With 
a load of 2000 foot-pounds the increase, as compared with the breathing 
for this load at sea-level, was 36 per cent; with a load of 4000 foot-pounds 
it was 49 per cent; and with a load of 6000 foot-pounds it was 42 per cent. 
At a pressure that simulated an altitude of 25,000 feet, the respiratory 
volume was increased 101 per cent during rest; while with a load of work 
of 2000 foot-pounds, it was increased only 62 per cent above that for the 
same load at sea-level. 

The percentage of the effect of work on the minute-volume of breathing 
at a low barometric pressure is not much more pronounced than at sea- 
level. Thus at sea-level a load of 6000 foot-pounds resulted in an aug- 
mentation of the breathing of 533 per cent, at a simulated altitude of 
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10,000 feet the increase, over that during rest at this altitude, amounted 
to 653 per cent, at 15,000 feet to 665 per cent, and at 20,000 feet to 607 
per cent. 

Other subjects have shown similar changes in the minute-volume of 
breathing. For R. W. C. a load of 6000 foot-pounds augmented the 
volume of breathing 701 per cent at sea-level, 703 per cent at a simulated 
altitude of 10,000 feet, 727 per cent at that of 15,000 feet, and 758 per 
cent at that of 20,000 feet. 

It has been our (Schneider and Truesdell, 1922) experience with carbon 
dioxide and an abundance of oxygen that there is a feeling of respiratory 
distress, or at least of effort, when the minute-volume is as large as 35 
to 40 liters. With a load of 2000 foot-pounds H. M. did not give evidence 
of real respiratory distress at 25,000 feet, at which time the minute-volume 
was 34 liters. The effort of breathing was noticeable with a load of 4000 
foot-pounds at the simulated altitudes of 15,000 and 20,000 feet, at 
which times the minute-volume was 48.8 and 53.6 liters respectively. 

Since the aviator and the mountaineer find that the slightest exertion 
is associated with respiratory distress, it may be of interest to consider 
the volume of breathing of other subjects while they carried a load of 2000 
foot-pounds. R. W. C. breathed 18.4 liters with this load at sea-level, 
25 liters at 355 mm. (20,000 feet), and 39.1 liters at 290 mm. (25,000 
feet). C. R. J. during this load of work breathed ‘20 at sea-level, 29.5 
at 20,000 feet, and 37.6 liters at 25,000 feet. S.S. Y. with the same load 
breathed 28.1 liters at sea-level and 36.8 liters at 20,000 feet. 

We made some observations on men who pedaled the ergometer at the 
rate of 70 revolutions a minute without the electro-magnetic resistance. 
The minute-volume of breathing at pressures comparable to sea-level, 
10,000, 15,000, 20,000 and 25,000 feet was for H. M. 13.6, 11.7, 13.0, 17.9 
and 22.5 liters respectively; for R. W. C. 12.4, 11.5, 10.6, 17.3 and 20.7 
liters respectively; and for C. R. J. 12.3, 15.1, 16.1, 16.9, and 20.4 liters 
respectively. S. 8. Y. did the same work at pressures up to that cor- 
responding to an altitude of 20,000 feet with the following pulmonary 
ventilation: 17, 16.6, 19.9 and 20.7 liters. 

It is evident from the above data that slight exertion does not greatly 
increase the minute-volume of breathing at reduced barometric pressures 
up to and including that comparable to an altitude of 25,000 feet. That 
with a load of 2000 foot pounds the minute-volume first approaches 
that which, for some men, may be regarded as excessive at a pressure 
comparable to an altitude of 25,000 feet. That for loads of 4000 and 
more foot-pounds the pulmonary ventilation becomes distinctly excessive 
with smaller reductions in barometric pressure. 

It appears, therefore, that the unusual feeling of breathlessness that 
is experienced during slight or moderate physical effort at a low baro- 
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metric pressure is not wholly explained by the additional volume of air 
respired. This is especially true for light loads. With heavy loads, 
however, such as 6000 foot-pounds, the amount of air breathed is large 
even at sea-level, hence any increase, 42 per cent in H. M., will be felt. 

A linear relationship between the pulmonary ventilation and the load 
of work is clearly present under moderate reductions in barometric pres- 
sure. The data for H. M. illustrate this and have been plotted in figure 1. 

From those curves, however, it is evident that with a heavy load at the 
lowest pressures the ventilation did not increase as much as was neces- 
sary to maintain the linear relationship. This was the case with a load 
of 6000 foot-pounds at the simulated altitudes of 15,000 and 20,000 feet. 
_The difference, however, between the theoretical and actually observed 
volumes was not large. R. W. C. maintained the linear relationship 
at a barometric pressure of 515 mm. (approximately equal to an altitude of 
10,000 feet) up to and including a load of 8000 foot-pounds; at 355 mm. 
(20,000 feet) this was maintained only to 6000 foot-pounds. This rela- 
tionship in A. L. H. was maintained at the simulated altitude of 10,000 
feet up to and including the load of 8000 foot-pounds; but at 15,000 and 
18,000 feet it was broken with a load of 6000 foot-pounds, the ventila- 
tion being slightly under the amount needed to maintain the relationship. 

The frequency of breathing in physical work is profoundly influenced 
by a reduction in barometric pressure. Ordinarily when one is at rest 
the frequency of breathing is not much altered by anoxemia. Schneider 
and Truesdell (1921), in an analysis of a group of aviators, found the rate 
to be decreased in 55.1 per cent, increased in 31.6 per cent and unchanged 
in 13.3 per cent of the men when under partial pressures of oxygen that 
corresponded to those of altitudes of from 25,000 to 30,000 feet. The 
average increase for the men who gave an increase was 2.8 breaths, the 
greatest was 7 breaths per minute. 

As the work data for our subjects are quite concordant we again give a 
detailed report of only one case, that of H. M. The frequency of his 
breathing when sitting quietly was unaffected at all pressures greater 
than that which corresponded to an altitude of 20,000 feet. At the 
simulated altitude of 20,000 feet the average was 16.3 breaths per minute, 
as against 15.7 at sea-level, while at a pressure corresponding to 25,000 
feet it increased to 22.9 breaths per minute. During work, however, an 
anoxemic acceleration in. the frequency of breathing occurred with each 
decrement in barometric pressure. With a load of 2000 foot-pounds the 
increase in frequency at the simulated altitudes was 33 per cent at sea- 
level, 62 per cent at 10,000 feet, 70 per cent at 15,000 feet, 93 per cent 
at 20,000 feet, and 120’ per cent at 25,000 feet. With a load of 4000 
foot-pounds the increase was 57, 100, 110 and 119 per cent respectively 
up to an altitude of 20,000 feet, and with a load of 6000 foot-pounds it 
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was 76, 121, 137 and 145 per cent respectively. The average rates of 
breathing for this subject have been tabulated in table 1. The greatest 


BREATHING 


RATE OF 


2000 9000 
LOAD IN FOOT POUNDS 


LOAD IN FOOT POUNDS 


Fig. 1. The minute-volume of breathing of H. M. with loads of work up to 6000 
foot-pounds at 5 barometric pressures. 

Fig. 2. The frequency of breathing of H. M. with loads of work up to 6000 foot- 
pounds at 5 barometric pressures. 

Fig. 3. The minute-volume and frequency of breathing of R. W. C. during a work 
period of 8 minutes with a load of 4000 foot-pounds and a recovery period of 22 
minutes at barometric pressures comparable to sea level, 15,000 and 18,000 feet. 

Fig. 4. Curves showing the relationship of the amount of oxygen absorbed and 
the minute-volume of breathing during work done under a low barometric pressure 
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frequency occurred with a load of 6000 foot-pounds at 20,000 feet, where 
it reached 40 breaths per minute. 

The influence of anoxemia on the frequency of breathing during work is 
practically the same for all loads at any level of barometric pressure. 
Hence curves showing the frequency of breathing for equal increments of 
load at several barometric pressures are approximately parallel. These 
data for H. M. have been plotted in figure 2. From these curves it is 
seen that after work was started there is approximately a linear relation- 
ship between the increase in the frequency of breathing and that of load 
at all pressures. That the effect of a reduction in barometric pressures 
acts approximately in equal amount for all loads of work is evident when 
~the percentage of increase is calculated for the pressure that simulated 
an altitude of 20,000 feet. The frequency was augmented with a load of 
2000 foot-pounds from 20.8 at sea-level to 31.4 breaths per minute at 
20,000 feet, an increase of 51 per cent; with a load of 4000 foot-pounds it 
rose from 24.7 to 35.7 breaths per minute, or 44.5 per cent; and with a 
load of 6000 foot-pounds from 27.6 to 40 breaths per minute, or 44.9 per 
cent. Another typical example was that of R. W. C. With a load of 
2000 foot-pounds he breathed an average of 11.8 breaths at sea-level and 
21.4 at 20,000 feet, increase 81.4 per cent; with a load of 4000 foot-pounds 
the breathing was 17.2 and 32.9 breaths respectively, an increase of 91.3 
per cent; with a load of 6000 foot-pounds the breathing was 22 and 41.6 
breaths respectively, an increase of 89.1 per cent. 

Since an explanation of the feeling of breathlessness with light and 
moderate loads of work is desirable, it should be noted that with a load 
of 2000 foot-pounds the frequency of breathing of our subjects increased 
from the resting rate at a pressure that simulated an altitude of 20,000 
feet as follows: H. M. from 16.3 to 31.4; R. W. C., 15.4 to 21.6; C. R. J., 
14.7 to 18; and 8.8. Y., 32.5t0 45.3. Y. was a rapid shallow breather 
throughout all the experiments, but he did not find the experience under 
low pressures uncomfortable. Taking the group as a whole the increase 
in frequency of breathing during work should only have been noticed 
by H. M. and 8. 8. Y. and not by the other two men. At the pressure 
corresponding to an altitude of 25,000 feet, with the load of 2000 foot- 
pounds, the frequency of breathing for H. M. was 30, for R. W. C. 27 and 
C. R. J. 23. 

When pedaling 70 times a minute without the electric brake our sub- 
jects showed almost as great an anoxemic increase in the frequency of 
breathing as with a load of 2000 foot-pounds. Thus at pressures com- 
parable to sea-level, 10,000, 15,000, 20,000 and 25,000 feet the frequency 
of breathing was for H. M. 17, 17.5, 20.5, 32.5 and 30 respectively; for 
R. W. C. 16, 15.5, 13.6, 23 and 21.2 respectively; and for C. R. J. 14.2, 
17, 18.4, 17.6 and 17.5 respectively. 
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A frequency of 30 breaths per minute, when they are of moderate 
depth, is sometimes noticed by the individual; but he often remains un- 
conscious of his breathing at a greater rate, unless the depth greatly 
exceeds the normal tidal volume. 

The depth of breathing during work is not materially altered by a 
reduction in barometric pressure. Ordinarily when one is at rest anox- 
emia leads to an increase in the depth of breathing, but the respirator 
response to the demands of physical work overcomes this anoxemic effect. 


When H. M. did 2000 foot-pounds of work at sea-level the individual 
breaths averaged 1014 cc., for the same load at a pressure of 355 mm. 
(20,000 feet) they averaged 914 cc., and at 290 mm. (25,000 feet) 1139 cc. 
With a load of 4000 foot-pounds, the average volume per breath was 1462 
ee. at sea-level and 1501 ec. at 355 mm.; and with a load of 6000 foot- 
pounds, it was 1764 at sea-level and 1732 ce. at 355 mm. R. W.C. gave a 
similar reaction. At barometric pressures corresponding to altitudes of 
sea-level and 20,000 feet the depth of breathing averaged, with a load 
of 2000 foot-pounds, 1046 and 1157 cc. respectively; with a load of 4000 
foot-pounds, 1530 and 1558 ce. respectively; and with a load of 6000 
foot-pounds, 1885 and 2115 ec. respectively. 

From these data it appears that the feeling of respiratory distress that 
is experienced during moderate physical exertion under a low barometric 
pressure, in so far as it is caused by a change in the breathing, is chiefly 
the result of the increase in the frequency. Since the depth of breathing 
is quite constant with a given load at all pressures, the reduction in baro- 
metric pressure causes an augmentation of the minute-volume by increas- 
ing the frequency of breathing. 

Our data also give the respiratory changes as they occur minute by 
minute during a work period of 8 minutes and during a post-exercise 
period of 22 minutes. Some of these data appear in table 2 of this article 
and in tables 4 and 5 of our first paper (Schneider and Clarke, 1925). 
The changes in the minute-volume and frequency of breathing for 3 
experiments on R. W. C. have been plotted in figure 3. The simulated 
altitudes were sea-level, 15,000 and 18,000 feet. 

The minute-volume of breathing during exercise at the normal baro- 
metric pressure augments rapidly during the first 2 minutes of work and 
usually, with loads of 4000 and 6000 foot-pounds, continues to augment 
throughout the entire period of 8 minutes; but the increase is more mod- 
erate after the second minute. When the same amount of work is done 
under a reduced barometric pressure, the influence of the reduction in 
pressure is frequently not in evidence during the first minute of work 
(see table 2). However, in some men, see figure 3, the minute-volume 
may already be greater at the low barometric pressure than at sea-level pres- 
sure. After the second minute of work the curves showing the minute- 
volume are roughly parallel at all pressures. 
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The frequency of breathing normally rises somewhat steadily during 
the entire period of work. When work is done under a reduced baro- 
metric pressure during the first minute or two the frequency may or may not 
augment more than at sea-level, but by the third minute it invariably 
does so and thereafter remains more rapid than at sea-level. After the 
second minute the curves showing the minute by minute rate of breathing 
are approximately parallel (see fig. 3) for all degrees of reduced barometric 


pressure. 
TABLE 2 


The volume and frequency of breathing of E. W. G. with a load of 4000 foot-pounds for 


8 minutes and a recovery period of 22 minutes 


MINUTE-VOLU ME IN LITERS FREQUENCY PER MINUTE 


Barometer Barometer 
756 mm 457 mm. 415 mm 756 mm. 415 mm. 


6.5 ee | 8.2 9.1 10.3 9.9 


Work 


minutes 


~ 


11 
15 
21 
22 
25 
22 


Rest 
minutes 

1 29 27. 16.¢ 
3- 4 9. 8 9.{ | 13 
5- 7 | 9.8 ( 12.7 
11-13 8. 12. 
19-22 } 3.6 ‘ 11.0 


Immediately after the cessation of work the minute-volume and the 
frequency of breathing fall off rapidly. The fall when work has been 
done under a reduced barometric pressure is more rapid than it normally 
is at sea-level. By the third or fourth minute both the minute-volume 
and frequency of breathing will begin to approach a level, but a further 
gradual fall occurs during the succeeding 10 or 14 minutes. In practically 
all of our experiments the pre-exercise volume and frequency were reached 
within 15 to 18 minutes and usually, when the work was done at simu- 
lated altitudes of 15,000 and 18,000 feet, both came back fully as soon 
as after the same load at sea-level. In several instances at the reduced 
barometric pressure the frequency of breathing for a while, following the 
fifteenth minute, was less than before work began. 


th 
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i at 

a] 

al 

ec 

fc 

t! 

‘ TIME d 

| 

Rest t 

| 

F 1 18.9 18.2 19.7 11.0 r] 15.0 I 

; 2 24.2 29.8 32.1 12.0 a 18.2 

. 3 27.3 37.1 38.7 13.0 8 19.0 ‘ 

' 5 29.6 | 41.4 40.7 13.0 0 18.0 ( 

7 28.9 36.4 43.3 14.0 0 24.0 : 

8 9.3 | m3 46.3 15.2 8 23:5 

3 

; 15.2 

15.3 

11.0 

12.4 

; 9.7 

10.7 

10.8 
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Concordant results were obtained with five subjects. It seems clear, 
therefore, that the breathing subsides more rapidly after work done under 
a low barometric pressure than when the same amount of work is done 
at sea-level, and that the pre-exercise rate and volume are resumed in 
approximately the same time at all pressures. 

When all of our data on the minute-volume and frequency of breathing 
are considered as a whole, the following facts are evident. That when 
one is at rest at low barometric pressures down to 290 mm. (approximately 
equivalent to an altitude of 25,000 feet) the breathing remains as com- 
fortable as at sea-level That during work the minute-volume and 
frequency are greater under a reduced barometric pressure than when 
the same amount of work is done at sea-level. That the effect of a re- 
duction in barometric pressure is approximately equal for all loads of work. 
That the feeling of breathlessness often experienced at low barometric 
pressures with the slightest exertion is not entirely due to the effects of 
the reduction in pressure on the breathing. And finally that after 
exercise the feeling of respiratory distress probably disappears equally 
promptly at all pressures. 

Other factors in addition to the augmentation of breathing must be 
sought to account for the feeling of respiratory distress that occurs with 
exertion during anoxemia. We shall consider the part played by the 
circulation at another time. That the sensation may be associated with 
the reduction in the intake of oxygen is indicated by our data presented 
in an earlier article (no. 1 of this series). 

It has been shown by Krogh and Lindhard (1917) and by Boothby 
(1915) that the amount of oxygen which passes into the blood varies 
directly with the minute-volume of breathing, hence that the absorption 
of oxygen is approximately a linear function of the ventilation of the 
lungs. We find a definite relationship between these when work is done 
under a low barometric pressure. We have combined our data for H. M. 
as given in table 1 for minute-volume and in table 1 of our former paper 
for the consumption of oxygen and have plotted the relationship in 
figure 4. We find, however, that our points for him fall on curved rather 
than straight lines. 

The influence of barometric pressure on the relationship of oxygen 
absorption and ventilation is clearly shown in the 4 curves for the simu- 
lated altitudes of sea-level, 10,000, 15,000 and 20,000 feet respectively. 
Roughly a fan shaped figure is suggested by these curves. A glance at 
figure 4 reveals that the amount of oxygen absorbed per liter of ventila- 
tion falls off in an ever increasing proportion with equal decrements in 
the barometric pressure. 

That a more or less uniform action is exerted by the reduction in baro- 
metric pressure is indicated by the fact that the plotted points for a given 


? 
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load at the several pressures fall on a straight line. In figure 4 the points 
for a load of 2000 foot-pounds fall on line A, those for 4000 foot-pounds on 
line B, and for 6000 foot-pounds on line C. H. M. was the only one of 
our subjects in whom we established this relationship. All subjects, 
however, showed the curved line relationship and the group of curves fell 
into the fan shape. 

SUMMARY 


When one is at rest at low barometric pressures the breathing ordi- 
narily remains as comfortable as at sea-level 

The minute-volume of breathing during physical work is only mod- 
erately increased by each decrement in pressure when the barometric 
pressure is lowered in units that are comparable to an ascent of 5000 feet 
per step in altitude. The slight effort of pedaling a bicycle ergometer 
at 70 revolutions a minute, without a resistance, only moderately increases 
breathing at all pressures up to that comparable to an altitude of 25,000 
feet. With a load of 2000 foot-pounds the minute-volume is rarely ex- 
cessive at a pressure comparable to an altitude of 20,000 feet, but may 
be at that which simulates 25,000 feet. With a load of 6000 foot-pounds 
the breathing is already excessive at sea-level, and, therefore, becomes 
distressing when this load is carried at simulated altitudes of 15,000 
and 20,000 feet. 

The work increase in the minute-volume of breathing is approximately 
of the same proportion at all barometric pressures. 

Pulmonary ventilation maintains a linear relationship with the load 
of work at moderate reductions of the barometric pressure, but at pres- 
sures comparable to altitudes above 15,000 feet this relationship falls 
off with the heavy loads. 

The frequency of breathing for one at rest is not decidedly altered by 
a reduction in the barometric pressure, and in physical work a reduction 
in the barometric pressure invariably causes augmentation. This in- 
fluence of anoxemia on the frequency is practically of the same propor- 
tion for all loads at any level of barometric pressure. Hence after work 
has begun a linear relationship exists between the frequency of breathing 
and the load of work. 

The depth of breathing in work is not materially altered by a reduction 
of barometric pressure. It follows that one’s consciousness of breathing 
during work under a low barometric pressure results from the increase in 
the frequency of breathing. 

During a work period of 8 minutes the increase in the frequency and 
minute-volume of breathing during the first minute is approximately the 
same amount at all barometric pressures, but during the second and 
third minutes the anoxemia caused by the reduction in pressure exerts 
its full effect. 
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After work both the frequency and minute-volume of breathing return 
to their pre-exercise condition with equal promptness at all barometric 
pressures. 


Plotted points giving the relationship of the minute-volume of breath- 
ing to the amount of oxygen absorbed fall on a curved line. Thecurves 
for various degrees of barometric pressure form a fan-shaped figure which 
shows that the amount of oxygen absorbed per liter of pulmonary ventila- 


tion falls off in increasing proportion with equal decrements in the baro- 
metric pressure. 
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~The amino acid make-up of the proteins suggests various possibilities 
for the metabolism of these compounds. It is conceivable that each of the 
constituent fragments has a more or less independent metabolic history 
so that the rate at which it is destroyed or reconstructed into new nitrog- 
enous groupings might vary from that of any other of the protein deriv- 
atives. Thus it might happen that one amino acid group was being 
resynthesized into a new compound, while other companion protein 
derivatives were catabolized to the end products suitable for elimination. 
Or, it is equally conceivable that the chemical transformations of the 
protein fragments proceed essentially pari passu. The fact that some 
of them contain sulfur while all contain nitrogen renders it possible to 
test some of these hypotheses. Again, if the nitrogen components, such as 
tissue protein, synthesized in the organism, are of fixed composition, 
there should be a fairly definite relationship not only between the nitrogen 
and sulfur retained but likewise between the residual or unused proportions 
of these elements that are excreted again. 

The determination of the nitrogen-sulfur ratio of the urine and of the 
feces has been of some value from this standpoint to the student of pro- 
tein metabolism; but the literature on this point shows conflicting results. 
One group of investigators (von Wendt, 1905; Folin, 1905; Ehrstrém, 
1906; Hiimilainen and Helme, 1907: Wolf and Osterberg 1912a, b; Catheart 
and Green, 1913) have concluded that the sulfur fraction of the protein 
molecule is the more labile, because in their experiments they found that 
after the ingestion of protein the sulfur was excreted earlier than the 
nitrogen. If the sulfur is eliminated more rapidly, the portion of the 
protein retained in the body must be poorer in sulfur than was the orig- 
inal protein. Other workers (Gruber, 1901; Sivén, 1901) have reported 


1 The data presented in this paper are taken from the dissertation presented by 
Marion Fay in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy, Yale University, New Haven, Connecticut, 1925. 

The expenses of this investigation were defrayed in part by a grant from the Rus- 
sell H. Chittenden Research Fund for Physiological Chemistry. 
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that the urinary and fecal nitrogen maintains a ratio identical with that of 
the protein fed. Instead of a heightened excretion of sulfur, certain ex- 
periments (Tsuji, 1915; Lewis, 1916) have shown a specific retention 
of this element. 

The differences in the results reported are possibly attributable to 
variations in technique employed by the investigators. Some of the 
experiments were performed on man, some on the dog; the diets differed 
in caloric value, in the proteins employed, in the accessory food substances 
furnished; certain of the periods were performed after starvation of the 
experimental animal, others under normal nutritive conditions; and the 
analytical methods were often dissimilar. 

The possibility of meeting some of these criticisms made a reinvestigation 
of the nitrogen-sulfur ratio seem valuable. Methods for the determination 
of sulfur have been improved. By employing the system of feeding de- 
veloped through investigations made in this laboratory (Cowgill, 1923), 
it has become possible to maintain caged dogs in health and nutritive 
equilibrium over very long periods on constant diets of accurately deter- 
mined composition. 

Experimental procedure. Small short-haired female dogs in good nutri- 
tive condition were kept in metabolism cages, permitting the separate 
collection of urine and feces. Through catheterization, the urine samples 
were separated to represent twenty-four hour periods, though two- or 
three-day periods were used in some instances. 

The general plan outlined by Cowgill (1923) for feeding in metabolism 
experiments was followed. The composition of the various diets is shown 
in tables 1, 5, 6, 11, 12, 19, 20 and 23. The proteins entering into the 
different rations were selected because of their differing content of sulfur; 
thus they included casein, a protein low in sulfur content; ‘‘meat residue,’ 
which has a slightly higher percentage of sulfur; and egg albumin, which is 
comparatively rich in sulfur. Sulfates were omitted from the inorganic 
salt mixture (table 1), in order that the food mixtures should not include 
sulfur other than that furnished by the proteins fed.’ 

The analyses were made: for nitrogen by the Kjeldahl method, for 
total sulfur, by Givens’ modification (1917) of Benedict’s method (1909). 
Solids analyzed for sulfur were first fused with sodium peroxide. 

EXPERIMENTAL RESULTS: 1. Starvation. Starvation after a period 
of adequate feeding. In the sixteen-day fast (table 2), the urine showed 
an average nitrogen-sulfur ratio of 15.6. During the early days of the 


2 Obtained from the Valentine Meat Juice Company, Richmond, Virginia. 

3 McCollum and Davis (1915) and Daniels and Rich (1918) were able to maintain 
rats successfully without sulfates in the food. We found that dogs likewise continued 
healthy and appeared quite normal for the duration of the experiments when the 
salt mixture fed contained no sulfates. 
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period the excreted nitrogen increased quite steadily, while the sulfur, 
though rising in amount, did not do so proportionately. Toward the end 
of the period, however, the ratio decreased; i.e., sulfur was excreted more 
rapidly. 
TABLE 1 
Salt mixture* 


PER CENT 


> 
= | 


to 


Magnesium citrate 

Potassium acid phosphate 

Calcium phosphate 

Potassium chloride 


* Taken from Cowgill (1923). 


TABLE 2 
Dog I. Starvation period 


} | URINE 


DATE, 1923 WEIGHT N 


BALANCE N:S 
Total N Total S 


grams gram grams 


.42 0.091 
126 —1.6: 
118 
120 
.124 
. 132 


December 1 
December 4 

December 6 

December 7 

December 8 and 9.......... 
December 10 

December 11 

December 13 

December 14 

December 15.... 

December 16 


bo 
or 


t 


30 


| | 


dW 


Average ratio 


The shorter starvation experiment (table 3) gave more constant ratios, 
averaging 14. 
\ Starvation after “‘nitrogen starvation.’”’ Here a more gradual decrease 
in the ratio to the starvation level is seen (table 4). The feeding period 
with N-free diet previous to this (table 9) had shown a ratio of 11.6 on the 
last day. On the first day of the fast, the figures for nitrogen increased 
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j 

4.75 15.6 

4.60 13.1 

q 4.45 16.4 
4 44 16.5 

4 30 16.4 

4. 16.0 

5 4 17.0 

3 4 oF 0.134 —§.37 17.6 

3 2.40 0.144 16.7 

64 0.144 18.3 

3m .76 0.169 —¥.76 16.3 
3 91 15.7 

3 37 13.6 
3.30 .57 0.227 —8.57 11.3 
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TABLE 3 
Dog I. Starvation period 


URINE 
WEIGHT 


5.2! 0.123 
24... ... 6 0.104 
April 25... 

5 0.115 


0.098 
0.176 


Average ratio......... 
* No sulfur analyses available for this day. 


TABLE 4 
Dog II. Starvation period 


URINE 
N RINARY 


BALANCE N:8 


Total N Total S 


kgm, grams gram 
January 6 §.! 0.028 
January 5.4 0.036 
January §.2! 7 0.046 
January § 056 
January §.1 38 060 
January 
January 1: 5. %. 069 
January 1: ( 067 
January 
January 1 076 
January 16 4.6 .98 064 
January 
January 
January 
January 20 and 21.... 
January 22 and 23... 
January 24 and 25....... 


Average ratio 


* No sulfur analyses available for this day. 


out of all proportion to the sulfur, (N:S = 21.6), while the latter decreased 
not only relatively but absolutely. This may indicate conservation of 


31] 
1923 BALANCE 
Total N Total S 
kam rams ram yran 
1.62 13.1 
1. 66 15.8 
—1.57 
1. A 13.4 
April 27... : 4.85 1.58 1.58 ° 
1.39 14.7 
1.36 13.8 
2.92 16.6 
DATE 
1923 
gram 
0.60 21.6 
—0.89 24.4 
0.78 16.8 
0.77 13.7 
1.38 22.8 
—1.18 
—1.21 17.6 
—1.01 15.0 
—1.02 
1.05 13.9 
0.98 15.2 
—1.00 
—1.15 
0.88 15.3 
1.03 
0.90 
—1.11 
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sulfur from body protein. The starvation level (approximately 14) was 
not reached until the seventh day. 

If waste nitrogen and sulfur were eliminated in approximately the 
proportions in which they are present in the most abundant tissues, the 
muscles, one would expect the output to exhibit a nitrogen-sulfur ratio of 
about 14. From the data presented, it is evident that during the earlier 


TABLE 5 
Nitrogen-free diet* 


Vitamin A = butter fat 


PER CENT KILO UNIT | CALORIES 


grams 
.20 16.86 
.02 28.08 
2.89 
Salt mixture 


80.88 


* This diet was fed in the experiments in 1923, but in the later ones, cod liver oil 
was substituted for the butter fat. The formula for the food made with cod liver 
oil is given in table 6. 

TABLE 6 
Nitrogen-free diet 
Vitamin A = cod liver oil 


PER CENT KILO UNITS CALORIES 


grams 
Dextrin : 4.20 16.86 
Sucrose : 7.02 28.08 


0.40 


Agar agar 8 0.30 


15.92 


period of starvation, the eliminated proportion of nitrogen tends to be 
larger than it is subsequently, thus suggesting either a definite retention 
of sulfur, the excretion of nitrogen from other than protein sources, or the 
disintegration of fragments poor in sulfur and retained in the body from 
the previously ingested protein. As starvation continues, the sulfur 
excretion rises both actually and in proportion to the nitrogen. 

2. Nitrogen-free diets. The diets used in these experiments are given 
in tables 5 and 6. 


a 
fi 
99.3 15.92 
99.34 80.88 
A 
| 
4 


NITROGEN AND SULFUR METABOLISM IN THE DOG 313 


In the experiment (following a starvation period) summarized in table 7, 
an average nitrogen-sulfur ratio of 14 was obtained. Examination of the 
figures for the earlier days reveals that the nitrogen output increased much 


TABLE 7 
Dog I. Period with “‘N-free’’ food + Harris vitamin 


FOOD TOTAL URINE 
WEIGHT  IN- N 
TAKE INTAKE N 


Total 8 


kgm. grams gram grams gram gram 


35 | { 0.081 40 083 024 
: 0.081 042 024 
May 4.... O81 047 024 
081 039 024 
May 8. ..| 4.4 081 | 0.024 
May 4: .081 024 
May 4.i 8 .O81 46 024 
May 11. 8 081 | 0.4 024 
May 1: : 024 
4: 8 .081 024 
16....:... 8 O81 58 024 
.... 8 O81 024 
May 18 4: 081 024 
May 20..... 4! 8 O81 58 024 
May : f 8 O81 A! 024 
O81 024 
May 24.... 45| 081 | 0.38 | 0. 024 
081 ‘ 024 
May 26 8 .081 .030 024 
O81 45 024 
May 28 .081 4! .021 024 
May 4.4 .076 033 024 
.36 | 0.029 | 0.138 


Average ratio 


* Analyses not available for this day. 


more rapidly than did the sulfur. This might be interpreted to mean 
that the sulfur was “spared” more effectively by the carbohydrate; how- 
ever, the succeeding days showed a decrease in the nitrogen-sulfur ratio 
with a much more effective ‘‘sparing”’ of the nitrogen than of the sulfur. 


1923 
grams 
1.34 16.7 
—0.78 0.0 
0.71 16.3 
0.45 13.6 
0.52 
0.39 15.9 
0.49 15.7 
0.41 10.1 
0.43 12.4 
0.45 
0.35 
0.42 16.4 
0.44 8.6 
0.52 10.1 
0.40 12.4 
0 41 11.8 
0.40 12.8 
0.53 9.5 
0.36 21.8 
0 35 13 3 
0.41 15.5 
0.32 13.1 
0.25 
—0.32 12.6 
0.40 
0.40 21.8 
0). 34 12.5 
—(). 34 12.3 
0.42 12.4 
* 
bass .| 14.04 
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A comparable experiment on this same dog (table 8) gave similar results. 

Such indications in the change of the relative outputs of nitrogen and 
sulfur during the course of a prolonged metabolism experiment emphasize 
the inadvisability of drawing sweeping conclusions from balance experi- 
ments based only on brief periods of observation. 

A period on the nitrogen-free diet following one of adequate feeding 
(table 9) showed an average ratio of 14.5. The initial disproportionately 


TABLE 8 
Dog I. Period with ‘‘N-free’’ food, wheat embryo vitamin 
URINE 
a FOOD | TOTAL RIND FECES N URINARY 
WEIGHT, IN- N N N:S 
Total Total S 


kgm. grams gram grams gram | gram grams 
December 17 3.8 52 | 0.240 | 4.12 | 0.314 | 0.125 
December 18.........| 3. 52 | 0.240 | 2.58 | 0.147 | 0.125 
December 19 a2 52 | 
December 21......... 
December 22......... 
December 23 
December 24......... 
December 25......... 
December 26......... 
December 27 
December 28 
December 29......... | 3.3 
December 30 


or 


or or 


or or 


On 


ou 


ore 


—0.08 
—0.01 | 


bo 


or or or or 


1924 


. 285 : | —0.24 | 


Average ratio 


* Analyses not available for this day. 


large output of nitrogen in comparison with that of sulfur (though, of 
course, the absolute output of each element diminished under the nitrogen- 
free but calorifically adequate régime) lasted a number of days. 
Table 10 shows again the characteristic effect of the nitrogen-free diet. 
Other experiments (on dogs I and III), data for which are not presented 
here,* showed values of 14.3 and 12.7, respectively, as the average ratios 
for short periods on the nitrogen-free diet. 


4 These tables may be found in the dissertation presented by Marion Fay, Yale 
University, 1925. 


DAT 
192% 
) | 13.10 
| 17.50 
* 
> | 11.60 
| 9.80 
14.80 
>| 8.30 
>| 9.40 
9.40 
4 8.75 
8.50 
3 | 9.00 
j | 8.30 
7.90 
10.09 
9.40 
14.20 
13.20 
a 
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In general, the observations indicate that on a nitrogen-free regimen 
the nitrogen-sulfur ratio remains the same as that found during starvation. 


TABLE 9 
Dog II. Period with ‘‘N-free’’ food, wheat embryo vitamin 


Total nitrogen intake per day = 0.420 gram 


URINE 


FOOD 
DATE WEIGHT IN- 


1923 I BALANCE 
TAKE /Total N| Total S 


FECES RINA 
N 


gram 


16 0.082 0.092 1.16 17 


December 2... . 7 
Decemeber S............. .| 6.40 102 | 1.28 | 0.106 | 0.092 0.92 12.1 
December 4....... Lean eee 6.35 102 | 1.27 | 0.088 | 0.092 0.94 14.4 
December 5...... Bike te Kelintsitt 6.20 102 | 1.28 | 0.068 | 0.092 0.99 18.7 
G............. 102 | 1.46 | 0.060 | 0.092 1.16 24.4 
6.30 102 | 1.37 | 0.067 | 0.092 1.08 20.3 
December 8 and 9............}| 6.20 102 | 1.32 | 0.064 | 0.092 1.03 | 21.3 
December 10.......... ae 6.20 102 | 1.51 | 0.084 | 0.092 1.43 18.1 
Desember 11............ sidinve:e ae 102 | 1.30 | 0.093 | 0.092 1.00 14.0 
December 12............. ....| 6.20 102 | 1.15 | 0.071 | 0.092 0.87 16.1 
ee ee ee 6.10 102 | 1.18 | 0.088 | 0.092 | —0.90 3.5 
6.10 102 | 1.20 | 0.076 | 0.092 —0.91 15.9 
December 15........... ieeah a) ae 102 | 0.88 | 0.084 | 0.092 | —1.05 10.5 
December 16 and 17..........| 6.00 102 | 0.92 | 0.078 | 0.092 —0.64 11.8 
December 18............ ....| 6.00 | 102 | 0.95 | 0.081 | 0.092 0.69 11.8 
19... 6.00 102 | 0.78 0.092 0.89 

December 20.............. 6.00 | 102 | 1.07 | 0.058 | 0.092 | —0.81 18.2 
6.00 102 0.89 | 0.046 | 0.092 —0.61 19.4 
NS >: errr | 6.00 102 | 1.00 | 0.063 | 0.092 | —0.75 15.8 
December 23..... enn aed 6.00 102 | 0.91 | 0.067 | 0.092 | —0.63 13.5 
6.00 102 | 0.69 | 0.061 | 0.092 0.43 11.5 
December 25 and 26..........| 5.90} 102 | 0.85 | 0.091 | 0.092 0.57 9.4 
COTTE OTC 5.90 102 | 0.75 | 0.039 | 0.092 0.49 19.2 
> Oe ee | 4.90 | 102 | 0.52 | 0.051 | 0.092 | —0.26 10.1 
December 29................. | 5.85 | 102 | 0.40 | 0.053 | 0.092 0.14 7.5 
SO... . | 5.75 102 | 0.56 | 0.059 | 0.092 0.30 9.4 
S| re | 5.70 102 | 0.80 | 0.048 | 0.092 0.51 16.6 


102 | 0.44 | 0.047 | 0.092 0.16 9.6 
January 4 | 5.65 | 102 | 0.55 | 0.053 | 0.092 0.27} 10.5 


January ! 


* Analyses not available for this day. 


Over longer periods, there is neither a retention nor a hastened excretion of 
sulfur. The previous dietary conditions do not seem to affect this general 


kgm. | grams | grams | 
1924 
i ee oe 5.65 102 | 0.63 0.054 | 0.092 0.35 11.6 
14.5 
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trend, since both after starvation (table 7) and after a complete diet (table 
9), the same ratio was obtained. 
3. Complete diets. a. Casein.» The casein diet had the composition 
given in tables 11 and 12. 
TABLE 10 
Dog II. Period with ‘‘N-free’’ food, Harris vitamin 
Total nitrogen intake per day = 0.106 gram 


FECES N URINARY 

WEIGHT N BALANCE N:S 
|Total N| Total S 


kgm. grams grams gram gram grams 


May 5.95 | 112 | 1.92 | 0.117 | 0.077 
May: 5.00 112 93 077 
May 3.10) 112 84 | 0.022 | 0.077 

May : rad 3.15 | 112 | 0.85 | 0.056 | 0.077 
May 6 5.20 | 112 | 0.70 077 

May 8 | 6.05 | 112 95 | 077 
077 
May 6.05 | 112 077 
May | 6.05) 112 0. 2 077 | 
077 
May 16.05 | 112 | 0.! .038 077 

May 1 5.05 | 112 8 5 | 0.077 
May ..| 6.05 | 112 25 077 
5 077 

May : | 0.077 
May 2: 3.05 112 048 077 
May 2: oe ..| 6.05 112 . 077 

May 2 ae. 5.05 | 112 | 0.70 | 0.036 077 | 

May 2: 6.06 112 j 077 
May 26 . 5.00 | 112 | 0.58 | 0.026 077 
077 | —0.7: 
May : 5.00) 112} 0. 077 | —0 
5.02 | 112 | 0.77 | 077 | —0 
May : 5. 112 | 0.43 | 0.026 | 0.115 | —O 
.68 0.115 | —0.68 


>— 


Average ratio 


* Analyses not available for this day. 


5 The sulfur content of the product used was 0.825 per cent, the nitrogen content 
being 13.45 per cent. This gives a nitrogen-sulfur ratio of 16.3 for the protein em- 
ployed. Osborne’s figures (1902) for casein show a nitrogen-sulfur ratio of 19.7 for 


€ 
I 
a 
= 
DATE 
4 - 
) 16.5 
) 

A ) 38.2 
15.0 
* 
4 
44.2 
23.1 
16.5 

20.9 
19.9 

15.8 
17.4 
‘ 16.3 
14 
14 
14 
14 
19 
14 
22.5 

9.5 

26.2 
x 16.1 
17.0 
of 
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Table 13 gives the analyses for 38 days for dog I on the casein diet. 
The ratios average 22 with little variation in the daily figures. The 
entire food mixture given during this period showed practically the same 
ratio as the protein—16.9. 

In table 14 are given the figures for a 38-day period for dog II when fed 


TABLE 11 
Complete diet* 


Protein = casein,t vitamin A = butter fat 
PER CENT KILO UNIT 


grams 


50 5.09 17.30 


Sucrose...... 37.20 6.87 27.48 
Butter fat..... 02 1.17 
Salt mixture 2.40 0.40 


80 0.30 


36.00 


95.70 16.66 SO.758 


* This diet was used in the experiments made in 1923, but in the later experiments, 
cod liver oil was substituted for the butter fat. The formula for the food using cod 
liver oil is given in table 12. 

t Casein : Nitrogen = 13.45 per cent; sulfur = 0.825 per cent; N:S = 16.3. 


TABLE 12 
Complete diet 


Protein = casein,* vitamin A = cod liver oil 


PER CENT KILO UNIT CALORIES 


grams 


5.09 
6.87 


Casein.... 
Sucrose 
Cod liver oil 0.34 
Salt mixure 0.40 
Agar agar 0.30 


3.66 


16.66 


* Casein: Nitrogen = 13.45 per cent; sulfur = 0.825 per cent; N:S 


the casein diet. Here a much higher ratio was obtained than for dog I, 
the average for the total period being 28. A few of the daily analyses gave 


highly purified casein, while our analysis was made on the commercial product as 
fed. A test for inorganic sulfate on this casein showed that it was present to the 
extent of 0.157 per cent, which gives a ratio for nitrogen to protein-sulfur alone 
of 20.1. 


| 
CALORIES 
17.30 
27.48 
> 36.00 
80.78 
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values which approach those found in the experiment on dog I, but most 
of them are much higher. Both of these experiments were carried on when 


TABLE 13 
Dog I. Normal period. Complete diet, casein as protein + Harris vitamin 


Total nitrogen intake per day = 3.581 grams; total sulfur = 0.212 gram 


FOOD URINE 
WEIGHT IN- FECES N URINARY 


N BALANCE N:8S 
TAKE /Total N| Total S 


kgm. | grams | grams gram gram grams 
October 25 4.95 83 2.41 | 0.116 | 0.205 | +0.96 
October 26........ | 4.95 83 28 | 0.100 .205 | +1.09 
Oetober 27.......... .95 | 83 0.104 .205 | +0.99 
Ottober 28.... 4.95 | 83 0.103 .205 | +1.17 
October 90 | 83 0.122 | 0.205 | +1.69 | 
October 30.... .95 | 83 0.105 .205 | +0.60 
October 31.... 95 83 0.103 .205 | +0.65 
November 1... Saieeen .95 | 83 0.165 .205 | +0.83 
November 2... eh .90 | 83 0.125 | 0.205 | +0.58 | 
November 3 and 4...........| 4.90 | 83 0. 12: .205 +0.58 | 
November 5......... ..| 4.90} 83 | . 205 
90 | 83 2.5 .205 | +0.5: 
November 7......... 2.6 12: .205 | 
November 8....... 8! 83 2.8: 9 | 0.205 | +1 
November 9. . .205 | +0.36 
November 8 $3 .205 | +0.3: 
November 11l..... § 3. 14: .205 | +0 
povemiber 82... ........... 8: 83 3.13 205 | +0.25 
November 13 85 83 5. 13: 205 | +0 
November 14... .132 | 0.238 | +0.:; 
November 15... ' 83 | 3. | 0.15 .238 | +0 
November 16... 8 83 | 3. 14 .238 | +0.3: 
November 17 and 18 .80 | | 3.29 | 0.133 | 0.238 | 
November 19... d 238 
November 20... . 238 
November 21 | 
November 22....... . 238 
November 23..... 238 | 
November 24... . 238 
November 25. . . 238 
November 26... . 238 | 
November 27... . 238 
November 28.... 238 | 
November 29 and 30 85 | 8: 08 | 


bo to 


Average ratio 


* Analyses not available for this day. 


the animals were in a good state of nutrition and were continued long 
enough for thorough adjustment to take place. Both animals were in 
nitrogen balance throughout the entire period. 


1923 
a 
20.8 
22.8 
¢ 22.6 
21.4 
14.4 
26.3 
26.8 
15.3 
21.9 
22.3 
4 * 
24.5 
21.6 
21.8 
4 21.7 
23.0 
22.1 
25.1 
24.5 
22.5 
24.1 
21.1 
24.7 
21.8 
21.7 
: 23.0 
21.5 
20.6 
21.9 
23.4 
23.2 
21.1 
21.3 
20.9 
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TABLE 14 
Dog II. Normal period. Complete diet, casein as protein; Hari 


FOOD URINE 
WEIGHT IN- 


TAKE /Total N| Total § 


kgm grams } 18 gram 


October 25 103 | 2.66 0.105 
October 26 10° 0.117 
October 27 ) 103 0.145 
October 28 $ 103 0.109 
October 29... j 103 110 
October 30. . ) 103 096 
October 31.. 103 O85 
November 1. ).25 103 OS9 
November 2. j 103 096 
November 3 and 4 ; 3. 103 093 
November 5... ) 103 139 
November 6... de 103 101 
November 7. j 103 109 
November 8. j 103 136 
November § ; ) 103 186 
November ) 103 135 
November 103 138 
November 12... 5.4: 103 139 
November 13.... 103 133 
November 103 157 
November 15... ) 103 159 
November 16 ) 103 166 
November and 18.. ).4 103 164 
November 103 167 
November 103 154 
November 21 j 103 0.156 
November 22 é 103 0.132 | 
November 23 ) 103 0.133 
November 24. . . 4 103 0.148 
November 25. . ) 103 0.148 
November 26 j 103 

November 27 p. 103 | 4.: 0.154 
November 28 ). 4 103 | 3.6 0.136 
November 29 and 30..... ) 103 | 3.65 | 0.119 
December 1 : ; : 103 | 3.73 | 0.104 


Ww W bO 


bo bo 


3 
4. 
3 
3 
3.é 
3.§ 
3 
3.8% 
3.é 
4 
5 
3.§ 
3 
| 


* Analyses not available for this day. 


The records of periods where the casein diet was fed after complete star- 
vation or nitrogen starvation are found in tables 15, 16, 17 and 18. 
The results reported seem variable until we examine the figures care- 
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Total nitrogen intake per day = 4.712 grams; total sulfur 0.263 gram 
1923 N BALANCE > 
0.175 25.1 
0.175 t+1.75 23.7 
0.175 +1.49 21.0 
0.175 +1. 50 27.8 
0.175 +1.94 23.5 
0.175 + 1.82 25.2 
0.175 32.0 
0.175 +1.43 34.8 
0 175 
0.175 +2.36 33.5 
0.175 +0.18 31.8 
0.175 +1.31 32.3 
0.175 +1.13 31.2 
0.175 +0. 80 20.1 
0.175 +0.99 26.2 
0.175 | +0.57 28.7 
0.175 +0). 82 26.7 
0.132 +0). 59 29.9 
0.132 +-(). 70 28.2 ; 
0.132 +0.72 25.3 
0.132 +1.04 2 
0.132 -0.36 
0.132 +0. 51 3 
0.132 0.66 7 
0.132 +(). 44 20.4 
0.132 +().67 29.6 
0.132 +0.73 28.8 
0.132 +0. 25 28.4 
0.132 +-(). 58 37.8 
0.132 
0.132 +0.33 27.3 
0.132 +0. 74 27.5 
0.132 +0). 92 30.7 
0.132 +0.90 35.9 
28.06 
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TABLE 15 
Dog I. Complete diet ¢ after starvation and nitrogen starvation 


FOOD | TOTAL N 
WEIGHT EC EE URINARY 
7AKB 2 N BALANCE N:S 
Total Total S 


kgm. | grams | grams | grams grams grams grams 
January 5..... 3.10 | 52 | 2.35 | 1.10 | 0.045 114 | +0.18 
.35 | 1.37 | 0.056 114 | +0.91 
January .35 | 0.052 114 | +1.70 
January § 35 | 0.064 | 0.114 | +0.83 
January 0.065 .114 | 
January 35 | 0.059 | 0.114 | +0.68 
January .35 | 0.062 .114 | +0.68 
January é 0.077 114 | +0 
January s | 0.074 .114 | +0 
January 114 | +0.6 
January 114 | +0. 5: 
January .114 | +0.8! 
January | 0.064 .114 |} +1.1 
January | 0.078 .114 | +0.8: 
January 0.060 .114 | +1.4: 
January 114 | +1.5¢ 
January 114 | +1.5§ 
January 2: .114,} 
January 23....... +1.% 
January 24 and 25. 
January 26 and 27... 
January 28 and 29 


a5 5 


| 
0.095 
0.103 


WE 


| 3. 
3. 
| 3. 
3.0: 
3. 
3. 
3. 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 


Average ratio...... 


* No sulfur analyses available for this day. f Casein as protein; Harris vitamin. 


TABLE 16 


Dog II. Complete diet, casein as protein; Harris vitamin 


URINE 

FOOD | TOTAL ences N 
WEIGHT) IN- | NIN- N BALANCE N:S 

TAKE Total N| Total S 


gra ms grams grams gram gram groms 
50 | 2.208) 0.77 150} +1.28| * 
|. 68 8} 1.17 | 0.043 | 0.150 | +1.62 | 28.0 
68 | 1.45 150 | +1.: 
68 21 150 | +1. 
68 43 | 0.036 | 0.150 | +1.: 
68 .150 | 
68 44 | 0.150 | 
47 | | 0.150 | 
60 | 0.053 | 0.150 | 
0.056 | 0.150 | 
0.102 


| 
= 


Februery 8... 
Februsry 
February 10. 
February 11... 
February 
February 
lebruary 
February 
February 
February 
February 


bo bo bo 


bo bo 


~) 


} mre 


Average ratio 


* No analyses available for this day. 
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1924 
4 

$ 24.4 
‘ 
22.4 
21.4 
27.3 
25.7 
A 23.0 
22.8 
* 

26.1 
A 25.2 
23.5 
* 

* 

* 
24.7 
32.8 

3 

DATE 

1924 

| 

15 

20 

20 

.| §.30 

30 

30 

30 
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3 30 

30 

05 
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AND 


fully. 
respectively) for the first day on the casein diet. These figures point to a 
definite retention of sulfur. In tables 15 and 16, the immediate effect 
of the casein diet is not so apparent. The “‘normal” ratio for dog I on this 


The experiments in tables 17 and 18 show high ratios (41 and 36, 


TABLE 17 
Dog I. Comple te diet. casein as protein; Harris vitamin 


TAKE | TAKE /Total Total § 
kgm. | grams | grams | grams grams yram rams 

June 2 +. 40 83 3.78 | 2.04 | 0.039 | 0.138 +-1.59 51.8 
June 3.. 4.50 83 3.78 | 1.68 | 0.036 | 0.138 | +1.96 47.3 
June 4 4.50 83 3.78 | 1.82 | 0.044 | 0.138 +1.82 41.6 
June 5... ; 4.60 83 3.78 | 1.68 | 0.044 | 0.138 +1.96 38.1 
June 6... 4.70 83 3.78 | 1.88 | 0.050 | 0.138 +1.75 37.5 
June 7 +.70 83 3.78 | 1.85 0.138 | +-1.78 ° 
June 8... 4.70 83 3.78 | 1.07 0.138 +2.56 . 
re 4.70 83 3.78 | 2.13 | 0.066 | 0.138 | +1.51 32.1 
June 10.... 4.75 83 3.78 | 2.07 0.138 | +1.57 . 


Average ratio.......... 41.4 


* No sulfur analysis available for this day. 


TABLE 18 
Dog Il. Comple te diet, casein as prote in, after nitroge n starvation 


FOOD TOTAL URINE 
tty WEIGHT IN- N IN- 
TAKE | TAKE /Total N| Total S 
kgm. grams grams grams gram gram grams 

6.15 116 | 2.52 3.62 0.115 +1.29 
OBB] | 2.63 | 3.74 | 0.067 | 0.1916 | +1.41 13.0 
6.25 116 3.23 | 0.110 | 0.115 +0.90 29.4 
10 1 3.81 3.@ 0.115 | +0.76 
ee 6.35 | 116 | 2.52 | 3.08 | 0.123 | 0.115 | +0.65 24.9 
...-| 6.40] 116 | 2.52 | 2.70 | 0.059 | 0.115 | +0.37 $5.8 
116 | 2.52 | 3.54 | 0.091 | 0.115 +1.22 39.1 
Cd) er 116 | 2.52 | 3.40 | 0.097 | 0.115 +1 07 35.2 
6.55 | 116 | 2.52 | 3.48 0.115 +1.16 


Average ratio.......... 


* No sulfur analysis available for this day. 


diet was 22. In table 15, after starvation, the earlier days of feeding 


i showed values which approach the normal very closely. The dog had 
: lost one-third of her body weight during starvation, and retention of 


proportionate amounts of nitrogen and sulfur was evidently necessary. 


36.2 
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But succeeding days yielded higher and higher values, and on the last 
day of the experiment a ratio of 32 was reached. The retention of sulfur 
is indicated. In table 16 (dog II) there is no noticeable rise in the nitro- 
gen-sulfur ratio until the fifth day. At that time a value of 38 was ob- 


TABLE 19 
Complete diet 


Protein “meat residue,’’* vitamin A = cod liver oil 


PER CENT KILO UNIT CALORIES 


grams 


Meat residue 37 1! 19.92 
Sucrose 36.5 5.9% 23.80 
Salt mixture. 


99.84 79.09 


Between 7 and 8 grams of kaolin per day were fed with this diet but as this proved 
unsatisfactory for ‘‘roughage,’’ agar agar was substituted for it, and the formula 


changed as shown in table 20. 

* Meat residue: nitrogen = 13 per cent; fat = 10 per cent. The calories were 
calculated according to this analysis. A determination showed 7.7 per cent mois- 
ture, and the dried material contained 14.2 per cent nitrogen and 0.90 per cent sulfur. 
The N:S8 ratio = 15.7. 


TABLE 20 
Complete diet 


Protein = ‘‘meat residue,’ agar agar as roughage 


PER CENT KILO UNIT CALORIES 


grams 

6.15 

5.95 

Cod liver oil 0.47 
Salt mixture 5. 0.40 
Agar agar 6 0.30 


16.73 


tained, again with a retention of sulfur as indicated by inspection of 
the absolute amounts of nitrogen and sulfur excreted. 

A disproportionately large retention of sulfur is commonly observed 
promptly when dogs are realimented after starvation. A delay in the 
manifestation of this high sulfur retention, however, has been noted 
only in cases where as in dogs I and II, tables 15 and 16, the animals had 


i 
| 
: 
- 
19.92 
23.80 
i 31.14 
4.23 
99. 62 79.09 
j 
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suffered large depletion of their body reserves. The significance of this 
unusual finding remains to be ascertained. 

b. ‘Meat residue.’’ The “meat residue” diet had the composition given 
in tables 19 and 20. 


TABLE 21 
Diet IIIT. Complete diet, ‘‘meat re sidue’’ as protein + Harris vitamin 
FOOD 


WEIG I 
EIGHT | INTAKE 
Total N Total S 


kgm. 
November 21 to 23 5. .| 6.09 / = 2.87 0.112 
November 24. 6.14 : 3.6: : 0.107 
November 25 to 27.. ..| 6.10 3 3.62 3: 0.052 
November 28 to December 1 ‘ : 
December 2 to 4.. ).07 3.62 2 ¢ 0.087 
December 5 to 19 ).07 : q 
December 20 to 22 3.05 3.62 2 0.089 


December 23 to January 3 
1925 


January 4 to 6 5.8 3.6: 0.084 
January 7 to8 5. & 3.62 3.4: 0.133 


Average ratio... 
* No analyses made. 


TABLE 22 
Dog IV. Complete diet, ‘‘meat residue’’ as protein + Harris vitamin 


TOTAI URINE 
oop 
WEIGHT N 


INTAKE 
Total N Total 


kgm. grams g 8 gram 
25 100 96) 02 0.178 
20 100 96 4S 0.179 
20 100 4.96 71 0.23 
19 100 96 of 0.186 


December 2 to 4 


9) 
December 5 to 7 
8 to 1l 
December 12 to 14 ; 
December 15 to 19 100 
December 20 to 23 . 26 100 96 j 0.215 


December 


Average ratio... .. 


* No analyses made. 


The nitrogen-sulfur ratios obtained after feeding the ‘“‘meat residue”’ 
protein (tables 21 and 22) correspond with those obtained in the first 
casein periods, namely, an average ratio of 30 for dog III and of 22 for dog 
IV. Little change is seen throughout the experiment, the ratios for the 
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first and last days being about the same, though there is some fluctuation 
in the absolute amounts of nitrogen and sulfur excreted. A similar diet 
fed for five days to another dog showed on the last day an excretion of 2.18 
grams of nitrogen and 0.11 gram of sulfur, a ratio of 19.8. 


TABLE 23 
Complete diet 


Egg white* = protein 
PER CENT KILO UNIT CALORIES 


grams 
Egg white........ 
Sucrose 
Déxtrin.... 


9 ( 


l 

2 
Salt mixture. 2. 
Agar agar. . 1. 


99.73 15.7 


* Commercial egg white was coagulated by dissolving in water, heating, and 
adding dilute acetic acid. The coagulated protein was dried in a current of hot air 
and ground fine. Nitrogen = 14.3 per cent ; sulfur = 1.65 per cent. N:S = 8.6. 


TABLE 24 


DATE TOTAL URINE N 

1925 N BALANCE | 
\Total N| Total S 


kgm. grams | grams grams gram gram gram 
March 2..... 5.86 86 -11 | 0.73 | 0.115 0.11 | +0.26 
March : 
March 


5.85 86 .11 | 0.85 | 0.096 0.11 | +0.14 
5.86 86 | -11 | 0.85 | 0.096 0.11 | +0.14 
March | 86 | ll 

March 8...... 5.93 6 | 11 | 0.73 | 0.083 

March 9...... ..| 5.98 86 .11 | 0.98 

March 5.9! 1.09 | 0.130 


Average ratio... 


* No analyses made. 
t Sulfur analysis not available. 


As in the casein experiments, each animal had its own characteristic 
nitrogen-sulfur ratio. The animals show little agreement with each other, 
though comparable amounts of the diets were fed and the experimental 
conditions were identical. Regardless of whether casein or meat protein is 
fed, different animals do not necessarily afford identical figures for the nitro- 
gen-sulfur ratio. 


d 
a 
: 
6.00 
28.00 
10. 64 
H 10 3.46 31.14 
i 10 0.47 4.23 
10 0.40 
i 50 0.24 | 
4 80.01 
4 
% Dog III. Complete food, egg white as protein + Harris vitamin 
- 
6.3 
8.8 
8.8 
8.8 
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c. Coagulated egg white. The composition of the coagulated egg white 
diet is given in table 23. 

Analyses were not made until the animals were in nitrogen equilibrium, 
and the period of adjustment to the low nitrogen level is not included. 
After feeding the egg white protein, the average nitrogen-sulfur ratios 
are about 8 (tables 24 and 25) showing an agreement with the nitrogen- 
sulfur ratio of the protein that was not found in the case of casein or the 
‘meat residue”’ preparation. The nitrogen and sulfur excretion remained 
at a very constant level. 

TABLE 25 
Dog IV. Complete food, egg white as protein + Harris vitamin 
FOOD | TOTAL URINE . 


WEIGHT IN- 
TAKE | INTAKE Total N 


BALANCE 
Total 8 
grams | grams | grams | gram gram 
0.098 0.093 
0.085 0.093 
0.095 093 
0.104 093 


February 23 eS 102 335 | 0 
February 24 to 25......| 6 102 315 | 0 
February 26....... 6.21 102 315 | 0 
February 27 to March 1.| 6.4 102 315 | 0 
March 2 to 5.... ).46 | 102 315 

March 6 : ). 5: 102 315 | 1.19 | 0.148 159 
March 7...... . .| 6.8 102 315 | 1 0.136 159 
March 8.... , 3. 102 315 | 0.85 | 0.143 159 
March § 3. 102 315 | 0.81 | 0.122 159 
March ie 3. 102 315 | 0.92 | 0.106 159 
March 102 315 159 
102 .315 | 1.43 159 
March 13...... hitetow 5g 102 315 | 1.09 2: 159 


Average ratio...... 


* No analyses made. 
t No analysis available. 


DISCUSSION AND CONCLUSION 


In view of the results obtained in the experiments on the casein diet 
(tables 13 and 14) and on the ‘‘meat residue’’ diet (tables 21 and 22), we 
cannot agree with Sivén (1901) that the ratio of urinary nitrogen and sulfur 
invariably approximates that of the food. Despite comparable food in- 
takes and essentially similar experimental procedures, in our experiments 
the nitrogen-sulfur ratio varied with the individual animal as well as with 
the dietary protein. The results with the individual animal were, how- 
ever, fairly uniform from day to day. Why the animals differed from 
each other remains a problem. When a higher ratio persisted (tables 14 
and 21), there must have been either a slight retention of sulfur, or an 
excretion of nitrogen from other than the usual protein sources. Von 
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kgm 

4.04 
30 
7.50 
7.30 

* 
+0.03 8.10 
+0.12 | 7.50 
+0.30 | 5.90 
+0.34 | 6.60 
+0.23 | 8.70 

T 

+-(). 27 
+0.06 8.70 
7.60 
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Wendt (1905) assumed that the sulfur-bearing fraction of the protein 
molecule is the more labile one, so that its degradation products are ex- 
creted first. In accordance with this, he argued that when a rise in the 
nitrogen-sulfur ratio occurs, it indicates that sulfur-poor complexes re- 
tained from previously ingested protein are being disposed of by the body. 
Such an explanation of a persistently high ratio in the urine can scarcely 
apply in experiments like ours that were extended over protracted periods 
as long as 38 days (tables 13 and 14); for the augmented excretion due to 
previously retained nitrogen of one day would presumably be compensated 
by a corresponding lag in nitrogen excretion of the next day. Conse- 
quently, the nitrogen-sulfur ratio of the intake would be expected to result 
presently. Further, all of the dogs had been on the same stock diet prior 
to the tests and were placed on the experimental diets, only after a few 
days starvation, whereby any unusual nitrogenous retention products 
should have been “washed out.”’ 

The experiments with the egg white diet afforded a different result. 
When this protein rich in sulfur was fed, a close agreement between the 
urinary nitrogen-sulfur ratio and that of the food was noted, as follows: 


Nitrogen-sulfur ratio on egg white diet 


| FOOD 


The unexpected failure of the urinary nitrogen-sulfur ratios to accord 
in all instances, when the different diets were employed, with the ratio 
anticipated from the composition of the food protein, makes it very 
difficult to draw any definite conclusion concerning the true picture of the 
relative elimination of nitrogen and sulfur on protein diets. Two possible 
explanations suggest themselves to account for the ratios obtained on the 
casein and meat protein diets. Since the hair and skin proteins which are 
being lost constantly by the dog are much richer in sulfur content than 
are the casein or meat protein, a relatively greater amount of sulfur than 
nitrogen is needed for the replacement of these tissues. This suggests 
that when a protein low in sulfur is fed, some of the body protein is called 
upon to furnish sulfur needed by them. Therefore, a small amount of 
extra nitrogen derived from this breakdown of the body protein and not 
needed for this resynthesis of disintegrated sulfur-rich protoplasm might 
be the source of the excess nitrogen excreted. Or again, the body may be 
retaining sulfur-rich compounds for anabolic needs, so that the excreted 
substances are therefore richer in nitrogen and poorer in sulfur. 

In a recent paper, Wilson (1925) has published the results of feeding | 
experiments on himself, in which he determined the nitrogen-sulfur ratios. 


4 
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He ate a basal diet and upon this successively superimposed gelatin and 
egg white. He found that when the basal diet was nitrogen-free, the sulfur 
of the gelatin was retained in greater proportion than was that of the egg 
white. His complete findings were interpreted as showing that the body | 
stores nitrogen and sulfur in the ratio of 14.1 and that although sulfur | 
may be retained at first in greater proportion, the end result is to have a 


protein of ‘average sulfur-nitrogen ratio.’”’ Since the calculations em- ! 


ployed by Wilson are based upon the “‘superimposition’’ method, they are 
not applicable to our data; but it is interesting to note that with casein 
and ‘‘meat residue”’ which, like gelatin, contain smaller amounts of sulfur, 
the nitrogen-sulfur ratios indicate a constant retention of that element, 
while the sulfur-rich egg white gave a urinary nitrogen-sulfur ratio identical 
with its own composition. Wilson suggests that the behavior of egg white 
may be due to the fact that its ingestion is followed by a ‘‘temporary 
retention of some unstable sulfur-rich protein which was quickly broken 
down.” He further points out that Harris (1923) has recently shown that 
egg white contains only 15 per cent of its sulfur in the form of cystine. 
It will be of interest to compare the effect of egg white upon the nitrogen- 
sulfur ratio with that of some other sulfur-rich protein. 

From the data of short feeding experiments on nitrogen-free diets, Wilson 
concluded that sulfur is more effectively spared than nitrogen by a carbo- 
hydrate and fat diet. It is true that on the early days of the non-nitrog- 
enous ration, the nitrogen-sulfur ratios are usually found to be between 
17 and 20, or even higher, which is an indication of decreased sulfur 
excretion. Tables 7,8 and 10 give the results of our analyses over periods 
of nitrogen starvation succeeding complete starvation. All three show a rise 
of the nitrogen-sulfur ratio on the first few days, lasting for only a short 
time; then there occurred a marked drop, when as low a figure as 8 or 9 
is reached. If this initial increase be due to a preferential “‘sparing”’ of 
sulfur, it persists for a brief period only. 

In the light of von Wendt’s theory, this relative decrease in sulfur excre- 
tion could be given another explanation. If from the tissue protein or 
food protein the sulfur fraction is metabolized first, the retained products 
will be sulfur-poor and when they are broken down will cause an increase 
in the urinary nitrogen-sulfur ratio. After such retained material is 
exhausted, body tissue will again be called upon to supply protein to 
supplement the nitrogen-free diet and the sulfur fraction of this will be 
broken down earlier, so that a lower nitrogen-sulfur ratio should result. 
The figures which we obtained during the nitrogen-free periods bear out 
this idea very well. The ratios vary from high to low and then back 
again. An average of the ratios for the entire periods (tables 7, 8, 9 and 10) 
show that on the whole nitrogen and sulfur are spared alike. 

The facts can be fitted to either explanation but the latter view seems 
more tenable when the long experimental periods are considered. 
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In this discussion, no mention has yet been made of the results of starva- 
tion experiments, in which endogenous metabolism alone is involved, and 
their bearing on the question of the nitrogen-sulfur ratio. The investiga- 
tions reported in the literature (Halpern, 1908; Underhill and Kleiner, 
1908; Wolf and Osterberg, 1911; Benedict, 1915; Lewis, 1916) and in this 
paper present an interesting continuation of the conclusions gained from 
feeding experiments where both exogenous and endogenous changes are 
taking place. 

The figures presented in tables 2, 3 and 4 argue strongly for the validity 
of Lewis’ suggestion (1916) that there is a retention of sulfur for the 
purpose of repairing the body tissfe. In every instance presented where 
fasting has first been induced, distinct retention of sulfur has been shown 
by the rise in the nitrogen-sulfur ratio upon feeding a protein-containing 
diet. That this cannot be due to a lag in sulfur excretion after the begin- 
ning of the fast is evident from the constancy of the ratios obtained upon 
starvation. Another proof is the production of such a rise even when 30 
days on a nitrogen-free diet have intervened between absolute starvation 
and the giving of the “complete” diet. It would be contrary to any data 
reported on metabolism that a lag in excretion could persist so long. 
The experiments indicate that the body, after a depletion of the sulfur- 
containing tissues has the ability to retain sulfur in greater proportion 
than nitrogen in order to rebuild the wasted protoplasm. 

In the paper by Wilson, already quoted, there is the suggestion that the 
sulfur fraction of the protein molecule is the more active in anabolism and 
also in catabolism. Wilson, as many other investigators before him, 
interpreted the slightly higher ratios on the first days of starvation to mean 
that the protein residues retained in the body are poor in sulfur, that the 
sulfur-containing fraction has been excreted first and is therefore more 
labile. Until we have tissue analyses or other evidence as cogent to con- 
firm this point, the problem cannot be considered solved. If one interprets 
the higher ratios in starvation as due to nitrogenous rests from an earlier 
augmented excretion, why is it justifiable to interpret the higher ratios 
in the beginning of nitrogen-starvation as meaning specific retention of 
sulfur? 

The fact that sulfur is retained by the body seems to be established. 
The great increase in value of the ratios during the earlier days of feeding 
an adequate diet after starvation can be interpreted in only one way— 
specific retention of sulfur. The idea that the sulfur-fraction of the pro- 
tein complex is more reactive in the building up and in the breaking down 
of tissue is an attractive one. Much of the evidence presented to sub- 
stantiate the idea is based upon interpretation of results, rather than upon 
clear-cut facts, which are difficult to obtain. Much more proof is needed 
before it can be stated that the breaking down of the protein complex is 
instituted through the sulfur-bearing fragments. 
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In order to obtain a comparable picture of what happens in the kidney 
when the urinary constituents are in process of elimination, dyes and other 
colored or precipitable substances have been used at various times. The 
results from such experiments are as varied as the investigators and their 
methods. The microscopic study of the way by which the elimination of 
certain dyes occurs in the kidney of frog and rat was undertaken in this 
laboratory mainly for the purpose of supplementing the results already 
obtained here by other methods. A feature of these experiments has 
been that of observing first the normal kidney as exposed and then to 
inject the dye without interruption to the observation. In this way the 
course of the dye has been followed continuously and in detail from the 
time of its injection into the blood stream until its appearance, distribu- 
tion and partial or complete elimination from the kidney has been deter- 
mined. While both frogs and rats have been used, the frog offers certain 
special advantages owing to the visible presence of numerous glomeruli 
and distal convoluted tubules on the ventral surface of its kidney as well 
as the uniform distribution of only proximal convoluted tubules on its dorsal 
surface.! In the rat, chiefly proximal convoluted tubules are seen. The 
glomeruli and for the most part the distal convolutions are not near 
enough to the surface to be visible. 

It is now generally conceded that the injection of dyes or other sub- 
stances into an animal and the subsequent study by histological methods 
of their appearance or location in the dead kidney has been inconclusive 
in so far as their transportation may have been accomplished solely by 
filtration, reabsorption or secretion. The study of the living kidney 
microscopically is also limited with regard to the following; i.e., the deter- 


1 While adequate data already existed in the literature concerning the anatomy 
of the frog’s kidney, it was thought profitable to have this matter reéxamined. 
Accordingly, Mr. 8. G. Stewart, in the Department of Anatomy, undertook and com- 
pleted a detailed anatomical study of the kidneys of the frogs (Rana pipiens) which 
have been used in all experiments with dyes. His study confirms the already noted 
(Edwards and Marshall, 1924) differences between the tubular structure to be seen 
on the ventral and dorsal surfaces of the frog’s kidney. 
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mination of the passage of a dve from capillary through tubular epithe 
lium to the lumen of a tubule or vice versa. Obviously if this could be done 
with absolute certainty, there would be no further need for proof of secre- 
tion or reabsorption or at least of the secretion or reabsorption of those 
dyes with which the observations were made. The reason that the ob- 
servation of the passage of a dye through tubular epithelium in either 
direction is impossible is owing to the cylindrical form of the tubule through 
whose cells an optical cross- or median logitudinal section must be made. 
Observation of the tubule is thus modified by the transmission of color 
in the cells above or beneath the plane of the focus. Therefore no 
definite border or margin of advancing dye in either direction can be 
conclusively determined. It is also to be borne in mind that too large 
injections of dve make for anomalous conditions, and small injections, when 
diluted with blood and distributed to the kidneys or other organs coupled 


with the magnification adequate for accurate observation, make the 
presence of the dye at any stage, from the periphery to the inner border 


of the tubule, relatively indeterminable. But Ghiron (1913) states that 
on the inner border of the observed tubule during the first 5 to 10 seconds 
following an injection of dye there is seen a fine stippling,—a stippling so 
fine that it fuses with the color in the lumen. In a few minutes the 
whole tubule is colored and only in late stages do such dyes as bismark 
brown, neutral red and nigrosin collect in the region of the tubule next 
the capillary, whereas methylene blue, toluidine blue and indigo carmin 
are probably reduced there. But what Ghiron describes is doubtless the 
result of an initial rapid filtration of the dye through the glomeruli, the 
presence of which in the lumina and the subsequent coloring of the cells 
of the tubules led him to believe the dye passed from lumen to periphery. 
lor the reason stated above, Ghiron’s position concerning the passage of 
dye from the inner to the outer border of a tubule is without adequate 
support. 

In an earlier paper (Edwards and Marshall, 1924) the methods used 
in obtaining the results presented in this paper were described. They 
are referred to briefly here and as follows: Frogs weighing 15 to 40 grams 
and rats weighing 100 to 150 grams were anesthetized with urethane. 
The thermocautery was used for the dissection necessary in order to 
expose the kidney. The frog’s kidney was studied on both its ventral 
and dorsal surface. The rat’s kidney was carefully prepared for observa- 
tion by partial decapsulation and the use of special pins in order to reduce 
its movement (caused by respiration) without at the same time impeding 
its circulation. The viscera were deflected to one side and held in place 
by cotton pads against which special pins were placed. Both frogs and 
rats were placed after anesthetization in a paraffined tray and after dis- 
section the peritoneal cavity was filled with Ringer’s solution. In ex- 
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periments with rats, Ringer’s solution heated to 37°C. was used and the 
rat placed on the stage of a microscope in a box also kept at 37°C. 

Injections of 0.6 to 1.2 mgm. of dye were made in the frogthrough the 
abdominal vein or ventricle. In the rat, 6 mgm. or less were injected 
through a cannula inserted into the jugular vein. Urine collections in 
the frog were made by inserting a hypodermic needle in the bladder and 
in the rat by cannulation of the bladder. 

Illumination was obtained by using a special electric lamp and condens- 
ing ens. This lamp is superior to the are lamp used in earlier experi- 
ments because of its uniform white light of unvarying intensity. This 
has been found to be advantageous in increasing the ease and accuracy 

-of color observations. The objectives used give with number 10 eye 
pieces, magnifications of 70, 185 and 750 diameters. 

In the more intensively studied dyes, in addition to the method of 
continuous observation following the dissection and exposure of the 
kidney, another method was also used,- namely, the injection of the dye 
into the dorsal lymph sac of the frog or intraperitoneally in the rat. After 
varying periods of time, a quick dissection was made and the kidney 
observed as soon as possible. While certain differences were observed, 
they are not regarded as significant in affecting the normal passage of the 
dve. <A further guide has been resorted to in the study of certain dyes, 
i.e., a mechanically operated delicate probe has been used to stroke the 
surface of the kidney. By means of such stroking, the contents of the 
lumina of the tubules can be displaced thereby permitting more accurate 
observation of the presence of the dye in the cells of the tubules. 

The following dyes have been used: phenol red, tetrachlorphenolsul- 
phonephthalein, di- 
bromphenolsulphonephthalein, buffalo fast crimson, buffalo black, ali- 
zarine green 8 and G, trypan blue (Grubler’s), toluidine blue, sodium flores- 
cein, light green SF, stilbene blue, pyrrol blue, methylene blue, indigo 
carmine, diazine green, bismark brown, vital red, neutral red, gentian 
violet, trisulfon violet, crystal violet.? 

These dyes can be divided into three groups: 1, those excreted in large 


2 The writer gratefully acknowledges the contributions of dyes from the following 
sources: Dr. E. C. White of the firm of Hynson, Westcott & Dunning, who supplied 
tetrachlorphenolsulphonephthalein, diiodophenolsulphonephthalein and others not 
described in this paper. Dr. H. H. Lubs of the Jackson Laboratory of the Du Pont 
de Nemours Co., Wilmington, Delaware, for dibrom phenol red and stilbene blue. 
Dr. Joseph A. Ambler, chemist in charge of the Color Laboratory, Washington, D.C., 
for erie violet (trisulfon violet), acid alizarine green G and light green S F. Dr. 
H. M. Evans of the Department of Anatomy, University of California, for alizarine 
green S and buffalo fast crimson. The firm of Kuttroff, Pickhardt & Co., New York, 
for another alizarine green S. 
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MICROSCOPIC STUDY OF DYES IN LIVING KIDNEY 
amounts; 2, those excreted in small amounts, and 3, those not excreted at 
all. 

1. Dyes excreted in large amounts. These do not appear in the living 
kidney in particulate, granular or precipitate form. They are as follows: 
phenolsulphonephthalein, dibromphenolsulphonephthalein, buffalo fast 
crimson, fluorescein, tetrachlorphenolsulphonephthalein, indigo carmine 
and methylene blue. The first four are excreted 50 to 90 per cent in 
18 to 24 hours, the remaining three, 25 to 50 per cent during the same 
period. Fluorescein, indigo carmine and methylene blue are not observa- 
ble in the kidney with sufficient accuracy to warrant any definite state- 
ments concerning them. 

Dibrom- and _ tetrachlorphenolsulphonephthalein and _ buffalo fast 
crimson have been studied in detail in the frog, but only the first two in 
the rat. Except for the difference in color of these dyes, they do not 
differ in any significant way in their passage through the kidney from 
phenol red for which an adequate description has already been given 
Edwards and Marshall, 1924). All of these are more easily studied 
microscopically than phenol red because their appearance and location in 
the kidney can be observed with greater accuracy. For instance, dibrom- 
phenolsulphonephthalein is definitely pink at a lower pH than phenol red. 
Tetrachlorphenolsulphonephthalein is a sharply defined purple well 
below any pH obtaining in the living animal. Buffalo fast crimson is a 
bright cherry red and is not affected by changes in pH obtainable in the 
living animal. 

In order to emphasize further what happens when any one of these more 
intensively studied dyes is injected into a frog or rat, an account is given 
of what is observed when tetrachlorphenolsulphonephthalein is injected. 
Frog: a, ventral surface of the kidney observed. Immediately after 
injection, all visible glomeruli become purple followed by a diffuse purple 
blush over the entire ventral surface. Within 5 to 10 minutes the ventral 
surface seems normal in color with a possible trace of purple in Bowman’s 
capsule. No further changes are noticed until 25 to 35 minutes have 
elapsed. Then intense purple lumina are seen. These persist until the 
dye has been completely eliminated either through the liver or kidney. 
There is no dye visible in the cells of these tubules. 

The appearance of the dye in concentrated form in the lumina of the 
distal convoluted tubules (tubules seen on the ventral surface) after the 
experiment has proceeded for a time is in some way conditioned by the 
method of experiment. Frogs injected with the dye either by way of the 
dorsal lymph sac or ventricle and, after 30 minutes to an hour and a half, 
the kidney is exposed, such intensely colored lumina are not seen. They 
will develop only (so far as there is evidence) after the kidney has been 
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exposed for a certain time (30 minutes or more). This may mean that 
there is a difference in the intensity of color of dyes affected by a change 
in pH, or in the amount of dye present in the lumina of the tubules under 
these conditions, i.e., the flow of urine is faster through the lumina of the 


tubules. b, Dorsal surface. There is a purplish-blush not definitely 
localized. Within 10 minutes or more the cells of the tubules are purple 
and the lumina of these tubules are of about the same color as seen micro- 
scopically or actually of less color when the fact is remembered that 


the lumina are seen through a layer of cells whose color may be 
transmitted to the lumina. If no dye were in the lumina and the cells 
of the tubules contained it, it would appear that dye was present 
in the lumina, since the color in the cells through which the focus is 
made, would produce this effect. Within 20 minutes or more the 
cells appear purpler than the lumina. Within 3 hours the lumina are 
equally or more intense than the cells of the tubules. This appearance 
persists for varying lengths of time. Under the conditions of the experi- 
ment the excretion of dye is from 2 to 5 percent in 3 hours. 

The complete elimination of this dye cannot be observed even though 
the frog is kept alive for 24 hours. The appearance of the kidney when 
excretion is nearly complete or complete, can be observed, however, by 
making an injection of dye into a lymph sac of the normal unanesthetized 
frog 24 or more hours before the kidney is exposed. When this is done 
and the urine contains only a trace of dye, the cells of the tubules seen 
on the dorsal surface are free of the dye and the lumina appear to have 
very little. When the urine contains no observable trace of dye, the 
kidney is likewise dye-free. 

The behavior of this class of dyes in the rat is illustrated by the following 
protocol: 


Albino rat weighing 120 grams was injected with 4.8 mgm. of tetrachlorphenol- 
sulphonephthalein through the jugular vein after cannulation of the bladder, exposure 
and study of the kidney as it appears normally, and the injection of 1.7 cc. of 5 per 
cent sodium sulphate. 

3:20 p.m. The urine flow was good and the kidney clearly observable. 

:28 p.m. Injection began. 

3:31 p.m. Injection complete. Immediately the capillary bed and then the cells 
of the tubules become purple. The lumina of the tubules seemed to 
have a slight purple tinge. 

:32 p.m. Cells become increasingly purple. The lumina appear the same. 

:34 p.m. Dye appears in the urine and collection of urine started. 

:35 p.m. The cells of the tubules are much purpler than the lumina which appear 
to have only a slight trace. : 

:39 p.m. Cells still more intense purple—no change in the color of the lumina. 

3:42 p.m. Ina given microscopic field, about 80 per cent of the tubules (proximal 
tubules) have definitely purple cells and almost colorless lumina. The 
remaining 20 per cent (junctional tubules) seem to be without dye in 
their cells, but have it in concentrated form in their lumina. 
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m. Urine 0.6 ce.—contains 10 per cent of the amount ir 


same as at 3:42. 


Cells of the tubules seem less purple—their lumina 


change in the tubules with purple lumina only. Urine, 0.4 ce 


3 per cent of dye. 

Cells seem almost free of dye and but little in lumina of the 

Urine 0.3 ce., contains 1 per cent of dye. 

All visible tubules nearly free of dye. 

Urine, 0.3 ec., has a greenish color, not readable colorimetrically 

Urine 0.05 ce. slightly greenish owing to small amount of dye 
color of urine. Tubules have faint trace of purple 

Kidney excised and sectioned immediately. Both cortex and medul! 
appear without appreciable purple color. 


2, Dyes excreted in small amounts and variously deposited in the tubula 
epithelium: Trypan blue, toluidine blue, sodium carminate, alizarine green 
S, light green SF, buffalo black, pyrrol blue and bismark brown. Trypan 
blue, toluidine blue and sodium carminate have been studied in both frog 
and rat, the others only in the frog. 

Trypan blue when injected in the frog is either precipitated in the blood 
stream in which case there is no observable staining of the kidney or other 
organs, or the cells of the proximal tubules on the dorsal surface are stained 
a slate blue consisting of flaky masses, granules and particles. The 
matrix of the cell is of a homogeneous old rose color. The lumina and 
urine are also old rose in color. If no dye is excreted and the tubules are 
stained, there is no observable old rose color,—only the slate blue of the 
dye in particulate or finely granular form. The sequences following in- 
travascular injection are as follows: small blue particles are seen in the 
blood stream. These particles soon come to rest along the inner walls 
of the blood vessels. If only 1 to 2 mgm. are injected, all of the dye is 
usually precipitated out. After larger injections (3 to 4 mgm.) there is 
an initial precipitation followed within 5 minutes by a diffuse dirty violet 
color observable on both dorsal and ventral surfaces. Within 10 minutes 
or more the ventral tubules appear free of dye whereas the cells of the 
dorsal tubules appear to contain more dye in the form and color men- 
tioned above. The dye is present in the kidney for varying lengths of 
time. The amount excreted in a normal frog may be as high as from 
5 to 8 per cent but it is usually considerably less (1 per cent, more or 
less) under operative procedure. 

Toluidine blue: when 1.2 mgm. are injected through the ventricle an 
ultramarine blue or violet color spreads to the tubules on both sides of 
the renal portal vein. The dye in the cells gives them the appearance of 
having stained nuclei since it is deposited in large amounts in particulate 
form near or in the center of the cells. In 15 minutes, these purplish blue 
precipitates now in the cells of all the visible tubules, begin to change 
color in the cells of the dorsal (proximal) tubules. Simultaneously the 


— Kidney th 
4:45 p.m. 
5:05 p.m. 
5:30 p.m. 
5:35 p.m. 
6:00 p.m. 
6:10 p.m. : 
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dye in precipitate form is changed to a homogeneous blue-green color 
and as such in 30 minutes or less appears in the urine. The cells of the 
tubules seen on the ventral surface (distal convolutions) contain the dye 
in its purple-blue precipitate form as seen originally. The lumina of 
all the observed tubules are indefinite in color although there is frequently 
an observable blue-green color in the lumina of the ventral tubules. 
Within an hour or more, the dorsal tubules are of a homogeneous blue- 
green color. The ventral tubules retain the same appearance. In two or 
more hours, the dorsal tubules are pale green to normal in color and the 
ventral tubules are slightly blue or dye-free. Presence of the dye in the 
capsule is indefinite when observed microscopically. 

When a smaller amount of dye is injected (0.6 mgm.) through the ab- 
dominal vein the above occurs within an hour or slightly more. But 
when 1.8 mgm. are injected into the dorsal lymph sac and the frog anes- 
thetized and kidney exposed and observed 24 hours after the injection, 


the dorsal tubules are of a homogeneous green color (really blue, the 
green is caused by the presence of yellow pigment) and the ventral tubules 
of an evenly stippled old rose color; or about 85 per cent of all the visible 
tubules (dorsal and ventral) contain the dye in finely granular form evenly 
distributed in the cells and old rose in color. The remaining 15 per cent 
contain in addition to the old rose colored stippling, ultramarine blue 
masses of dye resembling stained nuclei. About 0.22 per cent of the 


amount of dye injected is recovered in the urine within 24 hours. 
When the rat is injected with 1.2 mgm of toluidine blue the sequences 


are as follows: 


3:15.0 Injection of dye. 
:15.15 Kidney becomes slate blue in color with the dye in particulate form. 
3:18. Cells bluer than the lumina of the tubules. 
Dye appears in the urine. 
Cells contain more dye than the lumina. 
Regional distribution of dye—some tubules contain the dye in their lumina 
only, some in both lumina and cells, and others seem quite free of dye. 
Urine 0.4 ce.—blue-green in color. 
In a given microscopic field, there are tubules containing the dye in their cells 
in granular form and purple color; those containing the dye in more finely 
granular or non-granular form and blue-green in color, and those appar- 
ently dye-free. About 10 per cent or less of the amount of dye injected is 


excreted in two hours. 


Sodium carminate. This dye is difficult to observe with accuracy in 
the living kidney and is excreted in small amounts. Therefore it was not 
studied intensively. Alizarine green S was not studied in detail. It 
stains the dorsal tubules, but apparently not the ventral. Only a trace 
of dye appears in the urine and the dye disappears from the kidney within 
15 hours. Light green SF and buffalo black stain diffusely all tubules, 
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although the ventral tubules seem less intense. They are excreted about 
0.2 to 0.8 per cent. Pyrrol blue and bismark brown are excreted about 
5 per cent, but are not useful for microscopic study. 

3. Dyes not excreted at all: vital red, neutral red, gentian violet, crystal 
violet, trisulfon violet and stilbene blue. These have been studied only 
in the frog. Their presence in the kidney cannot be detected micro- 
scopically. 

Of the three groups of dyes studied, two of them stain certain segments 
of the convoluted tubule or the entire tubule. The staining is diffuse or 
particulate. In the first group the staining is always diffuse and restricted 
to the proximal convolution. In the second class the staining is usually 
particulate and may or may not be restricted to the proximal convolu- 
tion. Where there is excretion of the dye in the urine following its accu- 
mulation in particulate form in the cells of the tubules, the color of the 
dye in the urine is not the same as that of the dye in its particulate form 
but of a color appearing diffusely in the cytoplasm and visible as such 
between the particulate dye embedded in the cytoplasm (trypan blue and 
toluidine blue). The dyes of the third class do not stain the kidney and 
are not excreted in the urine. 

Whether the staining of the tubule or any part of a tubule is the result 
of reabsorption of the dye from its lumen or diffusion from the capillaries 
along the tubules through the tubular epithelium to their lumina, is not 
regarded as conclusive from this investigation. The evidence for reabsorp- 
tion, however, is certainly not stronger than for secretion. The staining 
of tubular epithelium alone has not been and is not regarded in this labo- 
ratory as conclusive evidence of secretion, i.e., the passage of a dye from 
capillary through tubular epithelium to lumen. Different dyes are 
reacted to differently by the kidney. Because secretion is claimed for 
one or more dyes, it may not be concluded that any dye staining the tubu- 
lar epithelium is secreted. The point for emphasis is not that a dye stains 
the tubule or any portion of it, but that the dye is eliminated by the kid- 
ney in large amounts and in a way such as to indicate that secretion is 
the more likely means of at least its partial elimination. 


SUMMARY 


1. A variety of dyes has been studied microscopically in frog and rat. 
These may be divided into 3 groups: a,those that are comparable in their 
passage through the kidney to phenol red and are more accurately ob- 
servable because of their color (dibromphenolsulphonephthalein, tetra- 
chlorphenolsulphonephthalein and buffalo fast crimson). 6, Dyes ex- 
creted in small amounts and staining the tubular epithelium in various 


ways and usually present to some extent in one form and color or another 


after they are no longer present in the urine in appreciable amounts 
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(trypan blue, toluidine blue, sodium carminate, alizarine green §, light 
green SIF’, buffalo black). c, Dyes that are not excreted and do not visibly 
stain in the living kidney the tubular epithelium (vital red, neutral red, 
gentian violet, crystal violet, trisulfon violet and stilbene blue). 

2. The staining alone of the tubular epithelium or any part of a renal 
tubule is not regarded as proof of secretion. 

3. The fact that the cells of the proximal tubules stain deeply with 
certain dyes during their maximum elimination in the urine and disappear 
from them simultaneous with their disappearance from the urine, furnishes 
a visible basis for secretion which is convincing both of itself and also when 
considered in conjunction with other evidence obtained in this laboratory. 


The writer thanks Dr. E. K. Marshall, Jr., for liberal aid during the 
investigation and in the preparation of the manuscript. 
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The prolonged contraction of the extensor muscle groups which super- 
venes upon the removal of the cerebral hemispheres and basal ganglia, 
was first described by Sherrington (1896) and was designated by him 
“decerebrate rigidity.”’ He further showed (1898) that if the continuity 
of the proprioceptive reflex arcs is abolished decerebrate rigidity dis- 
appears. The afferent paths for the impulses concerned in the production 
of decerebrate rigidity were considered to ascend to the brain by way of 
Gower’s or the ventral spino-cerebellar tracts, since lesions which com- 
pletely divided these tracts eliminated the rigidity. Sherrington con- 
sidered that the efferent impulses descend, not by way of the pyramidal 
tracts but by way of some tract originating in the region of the red nucleus. 
He also showed (1906) that the cerebellum was not an essential organ 
in the production of this phenomenon since the condition remained after 
removal of the cerebellum. 

Thiele (1905) concluded that the condition of decerebrate rigidity was 
due to the removal of a thalamic influence, rather than a cortical one, 
and that the impulses were transmitted along a tract which descussates 
high up in the mesencephalon. Weed (1924) concluded that the main 
center involved in the production of decerebrate rigidity was the red 
nucleus. 

Rademaker (1924) observed that decerebrate rigidity failed to appear 
in cats and rabbits when the section through the brain stem was cephalad 
to a plane which passed through the brain stem from the caudal part of 
the superior colliculi dorsally and through the pes pedunculi caudal to 
the point of emergence of the third cranial nerves ventrally. This sec- 
tion passes through the brain stem just caudal to the red nucleus. Ob- 
servations made by the present writer (1924) and by Miller (1925) show 
that extensor rigidity develops in cats following decerebration when the 
plane of section is at levels through the caudal portion of the thalamus. 
Such levels are further cephalad than that indicated by Rademaker, 
and it would appear that the rigidity is due to removal of cerebral influence 
rather than to the removal of structures in the region of the red nucleus. 

Observations by Bazett and Penfield (1922) on acute and chronic 
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decerebrate preparations indicate that the red nucleus is not the chief 
center concerned in the production of decerebrate rigidity since the 
rigidity persists after all the brain above the level of the pons has been 
removed. They conclude that decerebrate rigidity is probably depend- 
ent on some reflex center in the neighborhood of Deiter’s nucleus, as 
histological examination showed no lesions in this nucleus, in the animals 
studied. 

The responses of young decerebrate animals vary in many respects 
from those observed in the adults of the same species. Weed (1917) 
observed that in kittens decerebrated at a level orally to or through the 
oral portion of the superior colliculi the reactions were not the same as in 
.the adult cat. Inaseries of 40 kittens, varying in age from one hour to 
fifty-seven days, he observed that in 40 per cent of the animals decere- 
brate rigidity failed to develop. He also observed that in kittens under 
10 days of age, one only showed undoubted rigidity and 50 per cent of the 
kittens that did show extensor rigidity were over 20 days old. He further 
reported that rigidity was more prominent in the hindlegs but failed to 
suggest any relationship between the time of onset of extensor rigidity 
in the forelegs and the time of onset in the hindlegs. These young ani- 
mals failed to show the extreme extensor rigidity so characteristic of the 
adult decerebrate cat, but were very sensitive to various types of stimu- 
lation as shown by the very active reflexes. The younger animals of the 
series showed prolonged walking movements following decerebration 
and also in response to various stimuli during the period of maximal 
reflex activity. 

Graham Brown (1915) reported rhythmical progression in fetal kittens 
after decerebration at a level which removed the cerebral cortex and 
basal ganglia. He further observed a slight state of extensor rigidity in 
the forelimbs of one fetus. Langworthy (1924), working on young rab- 
bits, guinea pigs, kittens and puppies, confirmed many of the observations 
of Weed (1917) on kittens. He also observed that in rabbits under 10 
days old decerebrate rigidity failed to develop, but in older animals, be- 
tween 10 and 20 days old, rigidity was present in the forelegs, and some of 
these animals showed definite resistance in the hind legs. He suggested 
that the development of decerebrate rigidity begins about the time that 
the animal is able to support its weight on its legs. 

Weed and Langworthy (1925) have shown that in pouch-young opos- 
sums, rigidity failed to develop following decerebration in animals under 
82 days of age. These young animals, however, showed prolonged rhyth- 
mic movements of progression. 

In preliminary experiments I found that in kittens 4 hours old there 
was a marked extensor rigidity in the forelegs following decerebration 
through the brain stem, the plane of section passing through the cephalic 
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half of the superior colliculi. I further observed that in these 
animals there was absolutely no trace of extensor rigidity in the hindlegs. 
Spontaneous coérdinated movements of progression were not observed 
in these preparations. The present work was therefore undertaken in 
order to make a comparative study with respect to the time of onset, 
after birth, of extensor rigidity in rabbits, cats and dogs. 

Metuops. Kittens, puppies and young rabbits were used in this 
work. The animals were born in the laboratory and the exact time of 
birth was recorded. Experiments were performed on kittens ranging 
age from 4 hours to 7 weeks, on rabbits from 24 hours to 2 weeks, and on 
puppies from 6 hours to 6 weeks. The animals were all in a very health 
condition when the experiments were performed and great care was taken 
to prevent the animals from becoming chilled when brought into the 
laboratory prior to the operation. 

The procedure adopted in the decerebration was the same in all three 
types. The animals were placed on a table and anesthetised with ether. 
In the younger animals it was unnecessary to ligate the carotids or per- 
form tracheotomy, but in the older animals the carotids were tied and 
tracheotomy was done before opening the cranium. 

The animal was placed in the prone position, the head resting on a 
support and the dorsal portion of the skull was removed. Hemorrhage 
from the bone and dura was controlled with dry absorbent cotton and 
plasticine. The cerebral hemispheres were pushed forward with a blunt 
spatula so as to expose the mid-brain and a cleansection was made through 
the brain stem, the plane of section being through the cephalic half of 
the superior colliculi dorsally and 1 to 2 mm. cephalad to the cephalic 
border of the pons ventrally. In many of the kittens and puppies the 


primary section was made through the cephalic third of the thalamus 


and then a second section at the level indicated above. The brain tissue 
was removed from the cranium and the cavity packed with dry absorbent 
cotton to check hemorrhage. The wound was closed. 

The anesthetic was discontinued immediately after the section was 
made through the brain stem, it being no longer necessary after the re- 
moval of the cerebrum. In the majority of cases the animals had prac- 
tically recovered from the effects of the anesthetic by the time that the 
wound was closed, as shown by the reflex activity in response to mechani- 
cal stimuli applied to the feet. Great care was taken throughout the 
experiments to maintain the body temperature at its normal level. All 
the experiments were carried out on a heated table and during periods of 
rest the animals were wrapped in warm, dry absorbent cotton. 

Observations were made on every animal with respect to extensor 
rigidity, movements of progression and neck and labyrinthine reflexes. 

Resutts. Kittens. The observations with respect to decerebrate 
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rigidity on kittens, varying in age from 4 hours to 4 weeks, were practi- 
cally identical. A marked extensor rigidity developed in the forelegs 
immediately after decerebration but at no time during the experiment 
was there an extensor rigidity observed in the hindlegs. The extensor 
stiffness in the forelegs of the very young animals was confined chiefly to 
the shoulder and elbow joints, as determined by pressure exerted on the 
paws although in some of the animals it was also present in the wrist. 
The rigidity in the kittens from 2 to 4 weeks old was more intense in the 
forelegs than in the younger kittens. The wrists showed extensor stiff- 
ness and the muscles of the neck were also involved, which resulted in the 
head being drawn back in extension. The tail and hindlegs in these 
animals remained flaccid throughout the experiments. 

In kittens 5 weeks old and upwards, decerebration resulted in a marked 
rigidity in the forelegs, the hindlegs and muscles of the neck and tail. 
The picture presented was very similar to that observed in the adult 
following decerebration at the same level. The rigidity was more intense 
in the forelegs than in the hindlegs, a condition which is constant in the 
adult preparation. 

Magnus (1912) reported the effects of the position of the head in space, 
on the extensor tonus of decerebrate adult animals and it seemed advisable, 
in this work, to repeat some of his experiments on the young of the same 
species. The position of the head in space had a marked influence on the 
rigidity in all the kittens studied. When the animals were held in the 
ventral decubitus, the line of the mouth making an angle of 45° below the 
horizontal, the rigidity was less intense than when the animals were sup- 
ported in the dorsal decubitus with the line of the mouth making an angle 
of 45° above the horizontal. To be more exact, in animals less than 4 
weeks old, when held in the ventral decubitus, the rigidity was less in the 
forelegs with no apparent change in the hindlegs, while in the older animals 
there was a marked diminution of the rigidity in all four legs. The rigid- 
ity in the hindlegs of some. of the animals almost entirely disappeared. 
These results are in accordance with the observations of Magnus (1912) 
who showed that in cats, decerebrated at the level of the tentorium, the 
otolith organs of the labyrinth are instrumental in exercising a continuous 
influence on the tone of the muscles showing decerebrate rigidity, depend- 
ing on their relation to the maculae of the utricle and saccule. When 
the animals were held in positions intermediate between the dorsal and 
the ventral decubitus, some of the animals showed slight changes in the 
extensor tonus of the limbs but in many of the animals no marked change 
could be detected. During these experiments the relation of the head to 
the trunk was kept constant so that the influence of the neck reflexes was 
practically negligible. 

In kittens ranging in age from 4 hours to 4 weeks, flexion of the head 
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laterally, dorsally and ventrally caused marked changes in the muscle 
tonus. When the head was flexed to the right there was a diminution in 
the rigidity in the left foreleg with an increase in rigidity in the right 
foreleg. When the head was bent to the left a diminution of rigidity in 
the right foreleg with an increase in rigidity in the left foreleg was observed. 
Dorsiflexion of the head resulted in an increased extensor tonus in the 
forelegs while ventral flexion of the head resulted in diminution of ex- 
tensor tonus in the forelegs. Rotation of the head about its long axis 
failed to show any tonus changes in these younger animals. This dif- 
fers from the results of Magnus in adults. There was no extensor tonus 
in the hindlegs at any time during the experiments. 

In the older animals of the series, 5 weeks and upwards, in which ex- 
tensor rigidity was present in both fore- and hindlegs the effects of the 
position of the head in space were more striking. When held in the dor- 
sal decubitus the extensor rigidity was more marked in the forelegs and 
the hindlegs than when held in the ventral decubitus. Neck reflexes were 
also more marked. Dorsiflexion of the head resulted in an increase in 
the rigidity in the forelegs with a diminution of rigidity in the hindlegs. 
Ventral flexion of the head resulted in a diminution of rigidity in the 
forelegs with an increase in rigidity in the hindlegs. Lateral flexion to the 
right resulted in a diminution of the rigidity in the left legs with an in- 
crease in rigidity in the right legs. 

Rotation of the head about its long axis, the snout to the right, vertex 
to the left, resulted in an increase in the extensor tonus in the limbs of 
of the right side with diminished extensor tonus in the limbs of the left 
side. Rotation of the head about its long axis, snout to the left, vertex 
to the right, resulted in an increased extensor tonus in the limbs of the 
left side accompanied by a diminution in the extensor tonus in the limbs 
of the right side. The latency was long in all the rigidity changes men- 
tioned. These results are in accordance with those of Magnus (1924). 

Spontaneous coérdinated movements of progression were observed in 
many of the kittens of this series. In such animals the level of section 
was through the thalamus. If a second section was made caudad to the 
primary section, at a level through the cephalic half of the superior colli- 
culi dorsally and from 1 to 2 mm. cephalad to the cephalic border of the 
pons ventrally, as described above, the coédrdinated movements of pro- 
gression failed to develop. If the primary section passed through this 
latter level, no codrdinated movements of progression were present and 
mechanical and electrical stimuli applied to the toes, perineum and dorsal 
cutaneous nerves failed to produce these movements. Reflex stepping 
was readily elicited in the hindlegs and the flexion and crossed extension 
reflex from the forelegs. 


Rabbits. Observations on decerebrate rigidity in young rabbits which 
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varied in age from 24 hours to about 8 days were similar to those described 
for kittens under 4 weeks old. The extensor rigidity-following decerebra- 
tion was marked in the forelegs but at no time was there extensor rigidity 
in the hindlegs. As the rabbits became older the rigidity in the forelegs 
progressively increased in intensity. 

Rabbits 10 days old and upwards showed marked rigidity in both fore- 
and hindlegs, after decerebration through the cephalic half of the superior 
colliculi dorsally and about 1 mm. cephalad to the cephalic border of the 
pons, ventrally. The rigidity was so intense that the body was readily 
supported on the legs, the head being arched backwards, owing to the 
increased tonus in the neck muscles. The rigidity in the hindlegs was 
less marked than it was in the forelegs, a condition which is also observed 
in adult decerebrate rabbits. 

The position of the head in space had a marked influence on the ex- 
tensor tonus in these animals. In the very young rabbits (24 hours to 
7 or 8 days) the rigidity was more marked in the forelegs when the animal 
was held in the dorsal decubitus than when it was held in the ventral 
decubitus. Neck reflexes elicited by dorsiflexion of the head resulted 
in an increase in the rigidity of the forelegs while ventral flexion of the 
head caused the rigidity to diminish. Flexion of head to the right caused 
diminution of the rigidity in the left foreleg with no appreciable change in 
the right foreleg while flexion of the head to left caused diminution in 
the rigidity in the right foreleg with no appreciable change in the left 
foreleg, the rigidity remaining very intense. Twisting the head about its 
long axis failed to produce any change in the rigidity in the forelegs in 
these animals. At no time during the manipulations was there any 
evidence of rigidity in the hind legs. 

In rabbits 10 days old and upwards, in which there was a marked ex- 
tensor rigidity in both fore- and hindlegs, the effect of changing the posi- 
tion of the head in space was the same as in the adult animals. The 
rigidity was more marked in both fore- and hindlegs when the animal 
was held in the dorsal decubitus, than when held in the ventral decubitus. 

The neck reflexes elicited by dorsiflexion of the head showed an in- 
creased extensor tonus of all four legs in some of the animals, while ventral 
flexion caused a relaxation in the muscles of both fore- and hindlegs. 
These results are in accordance with those of Magnus (1924) for adult 
rabbits. In some of the animals, however, reactions similar to those 
described for kittens, when the head was dorsiflexed and ventral flexed, 
were observed. 

Twisting of the head about its long axis gave results in agreement with 
Magnus (1924). When the snout was twisted to the right, the vertex 
to the left, both left legs relaxed; there being no apparent change in tonus 
in the right legs. When the snout was twisted to the left, the vertex to 
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the right, both right legs relaxed; there was no apparent change in t 
in the limbs on the left side. 

Coérdinated movements of progression in the young rabl 
marked. In the very young animals the hindlegs showed an 
rhythmical movement and not the characteristic synchronous bilateral 
movements observed in the adult. This observation has also been made 
by Langworthy (1924). In the older animal of the series the hindleg 
showed the characteristic synchronous bilateral movements t 
with alternate rhythmical movements in the forelegs. 

The level of transection through the brain stem in the animals which 
showed these coérdinated movements of progression was through the 
cephalic half of the superior colliculi dorsally and at a level about | mm. 
cephalad to the pons ventrally. This level is similar to that described by 
myself (1924) as being the caudal level of decerebration at which it is 
possible to demonstrate coérdinated movements of progression. When 
the level of section passed through the brain stem, caudal to or through 
the inferior colliculi dorsally, and through the caudal half of the pons 
ventrally, the codrdinated movements of progression could not be elicited. 
This level corresponds to the level of transection in the adult rabbit, at 
which coérdinated movements of progression are eliminated (Laughton, 
1924). After this section, however, flexion and crossed extension re- 
flexes could be elicited in both fore- and hindlegs. 


Puppies. The puppies used in this work varied in age from 6 hours to 


40 days. The observations with respect to rigidity were similar to those 
described for kittens. In the younger animals varying in age from 6 
hours to about 5 weeks, there was marked extensor rigidity in the forelegs 
following decerebration at a level through the cephalic half of the superior 
colliculi dorsally and about 1 mm. cephalad to the cephalic border of the 
pons, ventrally. At no time was extensor rigidity observed in the hind- 
legs in these young animals. In the older animals of the series, 5 weeks 
old and upwards, decerebration at the level indicated above resulted in 
a marked extensor rigidity in both fore- and hindlegs. 

In many of the experiments the labyrinthine and neck reflexes were 
similar to those described for kittens. Not infrequently, however, there 
were some differences. In some of the animals under 5 weeks old, flexion 
of the head to the right resulted in a diminution of the extensor tone in 
the left foreleg which was followed after a long latency by softening in 
the right foreleg. Also flexion of the head to the left resulted in softening 
in the right foreleg, followed after a long latency by softening in the left 
foreleg. Rotating the head about its long axis failed to give any definite 
change in the rigidity in the younger animals. In animals over 5 weeks 
of age there were definite changes in the rigidity in response to rotating 
the head about its long axis. The effects differed, in some of the animals, 
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from those described in kittens. When the head was rotated about its 
long axis, snout to the right, vertex to the left, a diminution in the rigidity 
in the left hindleg and in the right foreleg was observed, and when the 
head was rotated about its long axis, snout to the left, vertex to the right, 
a diminution of rigidity was observed in the left foreleg and in the right 
hindleg. 

Observations on the codrdinated movements of progression in these 
animals were very similar to those described for kittens. When the 
section through the brain stem passed through the cephalic half of the 
superior colliculi, dorsally and about 1 to 2 mm. cephalad 'to the cephalic 
border of the pons, ventrally, no coérdinated movements of progression 
were observed. If, however, the initial section was made through the 
thalamus, leaving its caudal two-thirds intact, marked coérdinated move- 
ments of progression could be elicited. In the very young animals these 
movements were not infrequently spontaneous and persisted for varying 
periods of time. If now a second section was made through the cephalic 
half of the superior colliculi, dorsally, and about 2 mm. cephalad to the 
cephalic border of the pons, ventrally, the coérdinate movements of 
progression were eliminated. 

Discussion. The observations regarding the occurrence of decerebrate 
rigidity in kittens, puppies and young rabbits, as detailed above, are not 
entirely in accord with the findings of Weed (1917) and Langworthy (1924). 
These authors reported that in the very young animals there was no 
indication of extensor rigidity in the limbs. In Weed’s series of kittens, 
only one animal under 10 days old showed true extensor rigidity, while 
in Langworthy’s series of rabbits none of the animals under 10 days of 
age showed any sign of extensor rigidity. In the older animals of both 
series, however, true decerebrate rigidity was observed in both fore- 
and hindlegs, it being more marked in the forelegs. 

The present results show that, even in the very young kittens, rabbits 
and puppies, there is a marked rigidity in the forelegs, with no rigidity in 
the hindlegs. As the age of the animals increases, the rigidity in the fore- 
legs, following decerebration, progressively increases and after certain, 
fairly definite periods (10 days in rabbits, about 5 weeks in kittens and 
puppies) true decerebrate rigidity is present in both fore- and hindlegs. 

Langworthy’s (1924) suggestion that decerebrate rigidity begins to 
develop at the time that the animals are able to support their weight on 
the legs, is not in accordance with the observations in the present work. 
A more probable explanation as to the time of onset of decerebrate rigidity 
is, that it is coincident with the functional development of certain associa- 
tion ascending and descending tracts in the cerebrospinal axis. The 
very young animals, in all three groups, are unable to support their weight 
on the legs but it is a well-known fact that they are able to execute com- 
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plex foreleg movements which are apparently voluntary. Compl 


pawing movements are observed in the forelegs while the animals 


sucking, also when the animals creep the action is carried out chiefly 
foreleg movements, the hindlegs remaining more or less passive. Ha 
man (1920) observed newly born opossums as they migrated to the pouc! 
of the mother. Their mode of progression, at this very immature 

is by a series of overhand strokes performed by the forelegs. 

It is evident, then, that at birth the forelegs are capable of executing 
complex coérdinated movements, which are not duplicated in the hind- 
legs. ‘The movements in the forelegs, in all probability, depend for their 
initiation on the functional activity of existing association and projection 
pathways in the cerebrospinal axis which make possible these movements 
Decerebrate rigidity is present in the forelegs of these very young animals 
and it seems plausible to conclude that the onset of rigidity is related to 
the presence of the complex movements in the legs which in all probability 
depend on certain functional tracts in the cerebrospinal axis which cart 
impulses controlling these parts. 

The complexity of movements in the hindlegs of these animals is never 
as great as it is in the forelegs. The greater complexity of movements 
in the forelegs probably depends on the greater control exercised by the 
cerebrum over the forelegs. Cerebral control over the movements of 
the hindlegs develops at a later date than that over the forelegs, and is 
never pronounced. I would relate the earlier development of decerebrate 
rigidity in the forelegs, as compared with the hindlegs, to the more domi- 
nant influence of the cerebrum over the forelegs. In conformity with 
this idea it is found that in the adult animals, in which there is a similar 
predominance of cerebral control over the forelegs, the forelegs also 
manifest a greater degree of rigidity than the hindlegs. 

Decerebrate rigidity develops earlier in the hindlegs of the rabbit than 
it does in the hindlegs of kittens and puppies. Rabbits 10 days old are 
able to hop about and care for themselves while kittens and puppies 
are practically helpless at the same age. The rabbit is much lower in 
the phylogenetic scale than are the cat and the dog and it is evident that 
this more primitive animal develops independence sooner than those 
more highly developed. Its versatility of movements is developed at ar 
earlier period, a fact dependent no doubt on the earlier functional de- 
velopment of the association and projection pathways in the cerebro- 
spinal axis making possible the integrated activity of the nervous system 
as a whole. 

Observations were made with respect to coérdinated movements of 
progression in all the animals studied. By the statement ‘“‘codrdinated 
movements of progression” I refer to the coérdination observed between 
the movements of the fore- and hindlegs during normal locomotion. In 
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the adult rabbit the hindiegs perform a synchronous bilateral flexion and 
extension movement, while the forelegs perform an alternate rhythmical 
flexion and extension. The coérdinated movements of progression in 
cats and dogs during the walk and trot also show a definite sequence of 
events. There is an alternate rhythmical flexion and extension in the 
forelegs and in the hindlegs, the left foreleg being carried forward slightly 
in advance of the right hindleg while the right foreleg is carried forward 
slightly in advance of the left hindleg. 

It is a well-established fact that the lumbar and sacral regions of the 
cord are in themselves sufficient to produce the rhythmical sequence of 
flexion and extension in the hindlegs which constitute the reflex step. 
Goltz, Freusberg (1874) and later Phillipson (1905) showed that reflex 
stepping occurred in the late spinal dog. The author (1924) made similar 
observations on late spinal rabbits. Sherrington (1910), (1910-1911) 
proved that, in decapitate cats, reflex stepping was prominent in the 
hindlegs in response to nociceptive stimuli applied to various regions of 
the body. Miller (1923) observed that reflex stepping was elicited in 
the hindlegs of decapitate cats in response to nociceptive stimuli applied 
to the pads of the forepaws; no stepping occurred, however, in the forelegs. 
All are agreed that the rhythmical response, shown in the reflex step, is 
referable to the nervous mechanism in the cord concerned with the re- 
flexes. 

The reflex movements of the spinal step do not constitute the complex 
movements of the limbs during the act of locomotion where there isa 
definite codrdinated sequence of events between the fore- and hindlegs. 
The author (1924) has shown that the nervous mechanism which makes 
possible the coérdinated movements of progression, is so arranged that 
the caudal two-thirds of the thalamus in the cat and dog and the cephalic 
two-thirds of the pontine region in the rabbit, must be intact for it to 
function normally. 

Weed /1917) and Langworthy (1924) observed that prolonged move- 
ments of progression occurred in young kittens following decerebration. 
I observed that in kittens and puppies, if the section passed through the 
thalamus leaving the caudal portion intact, prolonged coérdinated move- 
ments of progression resulted. If, however, the section passed through 
the mid-brain at the levels indicated above there were no spontaneous 
movements of progression and coérdinated movements of progression 
could not be elicited when strong electrical stimuli were applied to the 


dorsal cutaneous nerves or when strong mechanical stimuli were applied 


to the feet and perineum. In view of these observations it seems plausible 
to conclude that the nervous mechanism, which functions in making 
possible the coérdinated movements of progression, is so arranged in very 
young kittens and puppies that the caudal portion of the thalamus must 
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be intact in order that this mechanism may function normally 
in agreement with the observations made by the author 1924 
cats and dogs. 

Young rabbits, decerebrated as described above, the plane of sect 
passing through the cephalic half of the superior colliculi dorsal! 
about 1 mm. cephalad to the cephalic border of the pons ventralh 
definite coédrdinated movements of progression both spontaneous and 
response to electrical and mechanical stimuli. If a section was may 
caudad to the primary section so that the plane of section passed th 
the brain stem caudad to or through the inferior colliculi, dorsall ind 
through the caudal half of the pons, ventrally, spontaneous cbordinate: 
movements of progression were not observed. Mechanical and elect: 
stimuli failed to elicit these movements. It would therefore appear 
the nervous mechanism which functions in making possible the co6rdi- 
nated movements of progression in young rabbits, was arranged in lik 
manner to that already described for the adult rabbit (Laughton, 1924 

Magnus and De Kleijn, in a series of papers from 1912 to 1922, a com- 
plete summary of which has been given by Magnus (1924), studied the 
influence of labyrinthine and neck reflexes on postural tonus in adult 
decerebrate animals. The present work shows that the labyrinthine and 
neck reflexes are present to a large extent in very young rabbits, kittens and 
puppies. As stated above, some of the present results varied somewhat 
from those of Magnus (1924), but as no precaution was taken when study- 
ing the neck reflexes to eliminate the labyrinthine reflexes, the results 
obtained were probably due to a summation of effects which Magnus 
proved to exist. 

The observation that rotation of the head about its long axis, failed to 
give clear results before the animals showed definite extensor rigidity in 
the hindlegs following decerebration, deserves our attention. It seems 
probable that this may be a higher type of reflex than those obtained 
flexing the head, and that it develops later as the animal acquired a more 
complex coérdination between head and body movements. 


SUMMARY 


Extensor rigidity, following decerebration, is present in the forelegs 
of rabbits, kittens and puppies when only a few hours old. There is no 
indication of extensor rigidity in the hindlegs of these same animals. 


2. Extensor rigidity in the forelegs progressively increases with the 
age of the animals. 

3. Extensor rigidity, following decerebration, develops in the hindlegs 
at a later date in the ontogenesis of the rabbit, cat and dog, than it does 
in the forelegs. 


4. Decerebrate rabbits, 10 days old, show a marked extensor rigidity 
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in the hindlegs, while in kittens and puppies rigidity was not observed in 
the hindlegs until about the fifth week of extra-uterine life. 

5. The nervous mechanism, which functions in making possible the 
coérdinated movements of progression in young rabbits, cats and dogs, 


is arranged similarly to the corresponding mechanism in the adults of 


the same species (Laughton, 1924). 
6. Labyrinthine and neck reflexes are present in young rabbits, kittens 
and puppies. 


In conclusion, I wish to express my sincere thanks to Dr. F. R. Miller 
for his kind criticism and suggestions throughout this work. 
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One of the most interesting physiological reactions occurring as a 
result of irradiation is the phenomenon of pigmentation. There are 
many conflicting reports as to the real importance and significance of 
pigment formation. Finsen (1901) considered erythema of the skin in 
patients subjected to phototherapy as an acute phase, and pigmentation 
as a chronic phase of the same process although pigmentation does not 
so readily follow other forms of irritation. Most radiologists have con- 
sidered pigment deposits as a direct indication of the progress made under 
the treatment. Finsen and his associates held to this view, at the same 
time repudiating the often-expressed belief that beneficial effects of pho- 
totherapy are due to direct action of light rays on cutaneous nerve endings; 
they held instead that this is a direct effect on the blood in the cutaneous 
capillaries since no other tissue absorbs as much of the spectrum— normal 
blood absorbing all rays of wave length less than 4500 A. and having two 
additional absorption bands at 5400 A. and 5750 A. respectively. 


Likewise most investigators have held that pigmentation does not occur 
in the absence of rays of wave lengths between 2890 A. and 3120 A. 
(Hausser and Vahle, 1921), (Bang, 1924). Unna (1885) found that the 
effect was produced even by visible blue rays. Explorers in polar regions 
and tourists among mountain glaciers pigment heavily even in the cold 
(Hammer, 1891). This is due to the reflection of short wave rays of the 
sun from the surface of ice, snow and water. 


While pigment increases the absorption of visible rays it also increases 
the radiation of heat. Whether it exercises any other function is not 
proven. Popular conception associates pigmentation, whether natural 
or acquired, with strength and health. Wafer (1699) found the Albino 
Indians of Panama very much less hardy than the more heavily pigmented 
Indians. They did not engage in extensive activity except at night. 

Woodruff (1915) has called attention to the fact that pigment deposits 
even before they are visible to the naked eye, when photographed with 
ultra-violet rays appear very much darker than when photographed by 
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solar light. This is taken as evidence that pigment selectively absorbs 
the short wave lengths. 

Loewe and Faure (1924) have shown that hair grows much more 
luxuriantly in artificially pigmented areas than in neighboring non- 
pigmented areas, indicating an extraordinary degree of metabolism locally. 

Regelsberger (1924) has found that irradiation of the skin, even mildly, 
produces an action current which suggests irritation. 

Rollier (1923), (1924) maintained that even without penetration light 
exerts a tonic influence on cutaneous nerves. He also believed that 
pigmentation is due exclusively to short wave rays and that the pigment 
itself is a transforming mechanism for changing short wave rays into 
longer and more penetrating rays that are absorbed by the blood, which 
by this means becomes a reservoir of radiant energy activating intracel- 
lular oxidation and reduction processes, possibly also activating hormones. 
His original view was that pigment accumulations become fluorescent 
but later investigations have not sustained this latter point (Clark, 1922). 

Reyn (1924) and Reyn and Collins (1925) have insisted that, while 
pigment deposits constitute an index of progress of treatment, beneficial 
results do not depend on the degree of pigmentation; in fact, patients 
who do not pigment at all may be benefited. Rothman (1925) believes 
pigmentation is always an index of favorable'progress though not necessarily 
essential. Still others have assumed that the presence of pigment is 


merely protective to underlying tissues, filtering out the abiotic rays and 


permitting more extensive application of longer rays, since it has been 
shown that longer rays heat the subcutaneous tissues more than the 
shorter rays (Hill and Campbell, 1922) (Sonne, 1921). Kirek even con- 
tends that pigmentation is due to infra-red rays and not to short wave 
rays at all. 

Perthes (1924) contends that pigmentation is not a protective measure. 
Furthermore, according to this investigator, it is possible to get a high 
degree of light immunity without pigmentation; this immunity continues 
20 to 40 days while pigmentation normally lasts longer. With has claimed 
that pigmentation may be formed through glass, in which case it must 
be due to rays of wave length greater than 3300 A. 

However, Beigers (1917) believes the light reaction due to the presence 
in the blood of photodynamic sensitizers which enable longer rays to 
undergo “‘photochemical resonance’ (Rousseau, 1924) a phrase used 
to designate the fixation of light energy by substances. 

That pigment does form through the influence of light has been shown 
by Alleger (1902) in pigment-forming bacteria. The extent to which 
light rays may penetrate living tissues was demonstrated by Onimus 
(1895) when he was able to affect a photographic plate by 5 minutes’ 
exposure through a human hand. 
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The reaction against the idea of pigment protection has recently been 
carried further by Lee Pattison (1924) who insists that pigmentation is 
not even a good index of progress in therapy. He has differentiated 
three types of pigmentation: 1, dark reddish brown pigment deposits 
after exposure to sun or the arc lamp; 2, slatey grey, following exposure 
to quartz mercury vapor lamp; 3, various shades of yellow in patients 
not making satisfactory progress. He believes that irradiation is 
one of numerous methods of arousing the reaction. Rollier (1923) con- 
curs in this view. Unquestionably, however, there are many people who 
do not tan readily and some of these at least—certain tuberculous patients 

do not make satisfactory progress under phototherapy. In most 
cases either the pigment or the processes by which it is formed are bene- 
ficial in therapy. 

Jesionek (1912) suggested that during pigmentation some kind of 
split product is formed which is taken up by the blood and produces a 
general bodily reaction that is in milder stages beneficial. 

Hausser and Vahle (1921) made therapeutic measurements of total 
energy distribution in various regions of the spectrum as a result of which 
they were able to conclude that pigment-forming power is after all con- 
fined sharply to the region about 3000 A. Dorno (1924) agrees with 
this, which seems to settle the question—at least—that this region causes 
pigment deposits more quickly. 

It is established that the pigment is melanin which is deposited as 
granules in the deeper cells of the epidermis (Hill, 1924). In most people 


distribution is even while in others it is concentrated in spots—as freckles 


and moles—while other areas such as vitelligo-spots do not pigment at 
all except under special treatment. The skin has been shown to con- 
tain a ferment (Block, 1917), which gives a specific reaction with dioxy- 
phenylalanin to form melanin (Bittorf, 1921). Other amino acids, 
while displaying absorption bands (Harris and Hoyt, 1917, 1919), (Kober, 
1915), for ultra violet rays similar to that of ‘‘dopa,”’ as Bloch designates 
dioxyphenylalanin, do not react to form melanin. ‘‘Dopa’’ is closely 
related to adrenalin and can conceivably be formed from tyrosine or 
phenylalanin. It is not formed from adrenalin, though several facts 
suggest it is a by-product of adrenalin formation either as a forerunner 
or as transformation product formed at the same time (Bang, 1924). 
It is believed that light activates the “dopa” ferment in just the same way 
that other irritants do. 

Bang now assumes that dioxyphenylalanin is harmful and that it is 
precipitated out of the body by the ferment that has been activated by 
light, with the result that it is rendered harmless. He assigns the bene- 
ficial effects of irradiation to the detoxicating action. While such an 
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assumption seems far fetched it suggested to us a correlation with an 
accidental observation. 

In the course of irradiation of blood in vivo as previously described 
(Reed, 1925), samples of blood were used for practice determinations of 
uric acid. It was noted that the reaction gave amounts far in excess of 
the usually determined uric acid content of dog blood. Wiener (1922) 
had reported that blood uric acid and purins were increased 80 per cent 
in patients undergoing phototherapy. Bang’s article came to our atten- 
tion just at this time. Since the reaction employed as described below 
would respond to the presence of dioxyphenylalanin as well as to uric 
acid, it was at once decided to investigate the influence of light on the 
reaction since only terminal samples of blood had been analyzed up to 
this time. 

Accordingly samples were withdrawn before and after irradiation 
with a carbon arc. In a control series samples were drawn at the begin- 
ning and end of comparable periods of ether anesthesia. The uric acid 
method employed was the modification by one of us (F. C. K.) of the 
methods of Folin (1922) and Benedict (1922). The blood filtrates were 
carefully prepared by the usual Folin-Wu procedure. The modification 
consisted of preparation of Folin’s uric acid reagent without the use of 
hydrochloric acid but simply by boiling the sodium tungstate with the 
phosphoric acid and diluting as usual. The cyanide solution consisted 
of 40 per cent sodium cyanide in 0.7 N lithium hydroxide. The procedure 
was simply that of adding 5 cc. of the cyanide solution to 5 cc. of the blood 
filtrate and, after mixing thoroughly, adding drop by drop with con- 
tinuous agitation, 1 cc. of the uric acid reagent. Standards containing 
0.01 and 0.02 mgm. of uric acid respectively were similarly treated each 
being thus diluted to 11 cc. These tubes were then stoppered with cotton 
placed in boiling water for 80 seconds, and then cooled in running tap 
water. Since this method as well as the original methods are, at best, 
only of rough comparative value, the colors in the tubes were compared 
against a white background. No claim is made that the values here 
given are anything more than comparative and, although they are ex- 
pressed as milligrams of uric acid, we fully realize that this is not correct. 

In table 1 are the results of determinations in a control series. The 
average length of experiments was one and one-half hours, the animal 
being under light ether anesthesia throughout. The figures represent 
milligrams of uric acid per 100 ce. 

In only one control experiment was there any increase under ether 
anesthesia. Comparison of the averages of 12 experiments shows only 
2.7 per cent increase which is within experimental limits. 

In 21 experiments in which irradiation was performed the results in 
table 2 were obtained. 
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TABLE 1 


EXPERIMENTS 


Increase, 2.7 per cent. 


TABLE 2 


MILLIGRAMS OF URIC ACID PER 100 cc. BLOOD 
EXPERIMENTS 


3efore 


9 2 


00 
00 
00 
.00 
2.00 
2.00 
50 


te 


.00 


Average..... 2.097 


Actual increase, 0.797; per cent increase, 38 per cent. 
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MILLIGRAMS PER 100 BI 
Before After 
1 2.0 2.0 
2 2.0 2.0 
3 2.U z2.U 
4 1.0 1.0 
5 1.0 1.0 
6 2.0 2.0 
7 1.0 1.0 
S 0.5 0.5 
9 1.5 2.0 
10 2.5 2.5 
11 1.0 1.0 
12 1.25 1.25 
1.48 1.52 
After 
1 4.37 
2 00 4.00 
3 I 00 2.00 
4 Bp 3.33 
5 00 2.20 
6 00 4.00 
7 00 2.00 
S 00 3.00 
9 40 
10 .40 
11 00 
12 00 
13 .00 
14 00 
15 00 
16 2.00 
17 2.00 
18 0.75 
19 | 1.75 
20 0.75 0.75 
21 im 1.75 
2.894 
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In 14 of the 21 experiments there was an increase far beyond the range 
of experimental error. The average increase was 38 per cent as com- 
pared to 2.7 per cent in the control series. It was noticeable that in 
most of the experiments in which there was no alteration in this reaction 
the animal did not suffer as great a fall in blood pressure as that usually 
occurring. Several of these refractory animals fought viciously before 
succumbing to anesthesia. Whether these points are of significance 
remains to be determined. 

The great divergence among the initial amounts at once leads one to 
question whether uric acid alone is responsible for the reaction. To test 
this point, after the second sample was obtained in two experiments, the 
animals were bled to death and the total blood used for a quantitative 
determination of uric acid by a specific test. This consisted of an appli- 
‘ation of the colorimetric method to the silver urate obtained from the 
concentrated blood filtrate by the older Benedict method (1915). 

Unfortunately, one of these samples was lost but the other, from experi- 
ment 19, gave as total uric acid, 0.05 mgm. per 100 cc. of blood which is 
about the normal value for dog blood. 

While there was no increase in this particular experiment after irradia- 
tion, it is apparent that there were one or more related substances present 
which gave the same reaction, and that in two-thirds of the experiments 
the other substance or substances were increased as a result of irradiation. 
Further work will be done to determine the exact identity of the substances 
involved. 

SUMMARY 


As a result of direct irradiation of blood in vivo with a carbon are for 


a period of one and one-half hours the blood was so altered that a direct 


application of the colormetric method for uric acid gave an average 
increased concentration of 38 per cent if this increased reaction is expressed 
in terms of uric acid. In one-third of 21 experiments no increase occurred. 
The question as to whether this increase was due to the formation of 
dioxyphenylalanin, a possible forerunner of melanin, was raised. At any 
rate the total reaction was not due to uric acid alone. 
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During the period between the discovery of the parathyroid glands by 
Sandstrom in 1880 and the demonstration of their functional significance 
by Vassale and Generali in 1896, several investigators studied the effects of 
thyroparathyroid juice injected intravenously or intraperitoneally upon 
the symptoms of thyroparathyroidectomized animals. Among these were 
Pisenti and Viola (1890), Vassale (1890), Gley (1892) and Schwarz (1892). 
Temporary improvement of the symptoms was obtained by some but not 
by all investigators. Gley stated that he believed his finally unsatis- 
factory results with the extracts were to be explained by experiments 
not carried out sufficiently long. After the establishment of the functional 
independence of the parathyroids, Moussu in 1898 and Lusena in 1899 
reported that parathyroid extract was capable of preventing or postponing 
the symptoms due to removal of the parathyroids. 

Vassale appears to have worked continuously with a parathyroid extract 
since the beginning of his work with parathyroid. But it was not until 
1905 that he reported successful results in eclampsia, epilepsy and infantile 
tetany with an extract which he called parathyroidine. This was pre- 
pared by a “special method”’ of which no details were ever given, and was 
afterwards manufactured by the Serotherapeutic Institute of Milan. 
Various investigators who used the Vassale preparation reported contra- 
dictory results. 

In 1907 Beebe reported that by using a slightly alkalinized physiological 
saline extract of parathyroid glands precipitated with acetic acid he had 
relieved the symptoms of tetany. Halsted in the same year and Putnam 
in 1909 reported the successful treatment of post-operative tetany with 
this product. Berkeley and Beebe in 1909 fractionated their extract and 
declared that “the nucleoprotein of the parathyroid, when freshly prepared, 
is equal to the whole gland in relieving the symptoms due to acute tetany 
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indogs.”’ Boiling the nucleoprotein or keeping it at a temperature of SO" 
for half an hour was found to destroy its activity completely. Tryptic 
or peptic digestion for forty-eight hours severely impaired but did not com- 
pletely destroy its activity. They also stated that their extract relieved 
tetany when administered by mouth. Pineles in 1908 reported that treat- 
ment of tetany in cats by gastric, subcutaneous or intraperitoneal adminis- 
tration of parathyroid produced no beneficial effects. In three cases of 
human tetany administration of the extract for months produced no 
alleviation. 

In 1913 MacCallum and Vogel injected a parathyroid extract into the 
circulation of an animal suffering from tetany and relieved the convulsive 
symptoms, but did not alter the electrical hyperexcitability of the pe- 
ripheral nerves. They concluded that its action was apparently on the 
central nervous system, but not on the peripheral. 

In 1923 Hanson reported that a crude hydrochloric acid extract of the 
parathyroid which he called hydrochloric X relieved the symptoms of 
tetany. 

In 1925 Collip reported the extraction by hydrochloric acid of a hormone 
which relieved tetany, at the same time raising the level of the calcium 
content of the blood. Also that by the use of this extract the blood calcium 
of normal animals could be increased. In his first publication he stated 
that the substance involved was apparently a simple organic compound. 
In his second publication, he stated that it was a complex protein derivative 
or associated with a complex protein derivative. 

A preliminary communication concerning the investigation now to be 
reported was published by the present writer in 1924. The work of Collip 
provides confirmatory support of the findings there reported. 

As various researches, beginning with those of Voegtlin and MacCallum 
in animal tetany, and Howland and Marriott in human tetany, presented 
convincing evidence that the parathyroid glands secreted an internal 
secretion which influenced the level of the calcium content of the blood, 
it occurred to the present writer that extraction of parathyroid glands with 
adequate solvents might provide a substance in solution which could mobi- 
lize calcium from the various calcium depots and so increase the calcium 
content of the blood of normal animals. Histological studies of the para- 
thyroid glands had shown that the oxphilic cells, as the apparently actively 
secretory phases of the parathyroid cells, showed the presence of acidophile 
granules which also reacted to lipin stains. It was therefore decided to 
use acid alcohol as the extractive solvent with the hope that alcohol 
would extract the lipin hormone compound, while the acid would then 


split the hormone from this compound. 
One tenth of a kilogram of frozen external parathyroids of steers was ob- 
tained. They can be easily dissected as they are comparatively large, and 
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placed outside the thyroid. The glands were carefully trimmed of fat and 
then comminuted with sand, the glands taking on the appearance of flattened 
sheets. They were then covered with 1 liter of 85 per cent ethyl alcohol 
containing 5 per cent by volumeof sulphuric acid. They were then placed 
in a revolving shaking machine and extracted for about forty-eight hours. 
They were then filtered, first through gauze and then through hardened 
filter paper, the filtrate finally becoming clear on refiltering through the 
same filter paper. The filtrate was then neutralized to litmus by the 
addition of sodium hydroxide. The neutralization caused the appearance 
of a large amount of a white precipitate consisting mainly of sodium 
sulphate, which was removed by filtration. The alcohol was then removed 
by distillation, its removal being accompanied by the separation of material 
which was filtered. The last filtrate was used for the injection experiments. 
Twenty cubic centimeters injected intravenously or subcutaneously pro- 
duced a rise in the blood calcium of normal dogs and cats in three hours, 
varying in amount from about 25 per cent to about 60 per cent above what 
it was just before the injection was given. The Kramer-Tisdall method 
was used for the determination of the blood calcium, the original proce- 
dure of permitting the calcium oxalate precipitate to settle over night 
being adhered to. 

This procedure was then repeated with a second tenth of akilogram of par- 
athyroid glands of oxen, with approximately the same results. There was 
a rather marked variation in the degree of increase of the blood calcium in 
the case of two of the cats and one of the dogs, the increase not being so 
marked as with the first injection, but still enough to be significant. There 
were no untoward reactions or symptoms. 

An extract similarly prepared with 90 per cent ethyl alcohol and 5 per 
cent sulphuric acid was about equally active. The filtrate containing the 
-alcium-mobilizing substance gave a definitely negative rcaetion with the 
biuret test for protein. 

What immediately suggested itself next was to study the effect of the 
filtrate containing the calcium-mobilizing substance upon parathyroid- 
ectomized dogs. What would be the effect upon the blood calcium and 
the symptoms of tetany? It was found that a single injection of 20 cc. 
of the active acid-alcohol extract would restore the blood calcium of para- 
thyroidectomized dogs which had decreased from about 40 to 60 per cent to 
about the level present before operation. A typical protocol is as follows: 


Dog, weight 9.1 kgm. Kept on meat, bread and water for three days. Blood 
calcium on these days 10.5, 10.1, 10.5. He was injected with 20 cubic centimeters of 
the acid-alcohol extract. In three hours blood calcium was 14.8. Same diet. After 
forty-eight hours, blood calcium 10.2. Complete bilateral thyroparathyroidectomy 
done. In four hours blood calcium was 9.0. No symptoms. In twenty-four hours 
blood calcium was 8.1. No symptoms except thrill felt in hand placed on back of 
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neck. In forty-eight hours found in tetany, twitching with hypernea 

and then 20 cubic centimeters of extract injected into circulation. Blood 
before injection 6.2. In three hours, dog apparently well, walks about cage 
food and water. Notwitching and no hypernea. Blood taken. Blood calcium 


As the parathyroid internak secretion influencing the calcium content 
of the blood both in normal and parathyroidectomized animals was thus 
shown to be soluble in acid alcohol, the effect of aqueous acid as a solvent 
was next studied. It was found that the active principle could be extracted 
by heating a kilogram of finely comminuted parathyroid glands with a liter 
of 1 per cent sulphuric acid, over a water bath for fifteen minutes and then 
neutralizing with sodium hydroxide. The filtrate, giving a strongly 
positive biuret reaction, definitely increased the blood calcium of normal 
and parathyroidectomized animals, and relieved the symptoms of the 
latter. 

Other acids, such as hydrochloric, nitric, phosphoric and acetic, were 
found to be equally effective. 

It was determined to make parallel observations upon the effect of the 
acid alcohol extract, which apparently vielded the largest amount of 
active material and was also protein-free, upon both the calcium content 
of the blood and the electrical irritability of the nerves of parathyroid- 
ectomized animals. The following are the protocols of the experiments 
done. ‘The Kramer-Tisdall method was used for the blood calcium deter- 
minations. For the determination of the electrical irritability of the 
nerves, galvanic current was used, dry cell batteries in series being used, 
equipped with a rheostat, a pole changer and Weston milliammeter cali- 
brated to tenths of a milliameter. The indifferent electrode, placed on the 


abdomen, consisted of a square of brass covered with sponge. The 


stimulating electrode, a pointed small piece of brass covered with sponge, 
was applied to the skin over the peroneal nerve, in the peroneal groove, 
being pressed upon the nerve which can be palpated. The minimum 
current upon opening and closing the current when the stimulating elec- 
trode was the anode (A O C and A C C), and when the stimulating current 
was the cathode (C O C and C C C) upon opening and closing the current 
was determined. All dogs were fed on meat before and after parathy- 
roidectomies. 


Experiment 462 P. Dog weight 8.6 kgm. Blood calcium 11.6. Bilateral thyro- 
parathyroidectomy. Slight muscular twitching of the head and extremities ap- 
peared in twenty-four hours. In about thirty-six hours, the dog was found in tetany, 
with marked tachypnea. Blood calcium 6.2; electrical reactions: A C C 0.5, AOC 
0.6, CCC 0.2, CO C 0.5. Twenty cubic centimeters of acid alcohol parathyroid 
extract injected into the circulation. In about one hour dog appeared more quiet 
and comfortable. In two hours, walking about cage. In three hours blood taken 
and electrical reactions determined. Blood calcium 10.4; electrical reactions: A C C 
4.4, AOC 7.8, CCC 4.11,C OC 6.9. In five hours, blood calcium, 11.2; elec- 
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trical reactions: ACC 3.4, AOC 8.2,C CC 2.9, COC 9.4. Intwenty-four hours 
dog showed some twitching and muscular thrill on palpation of neck. Blood eal 
cium, 6.9; electrical reactions: ACC 0.9, AOC 1.2, CCC 1.1, COC 18. Ten 
cubic centimeters of acid alcohol extract injected. In three hours, no twitching, no 
muscular thrill. Blood calcium, 9.8; electrical reactions: A C C 2.4, AOC 5.3, 
CCC 38, COC 729. 

Experiment 463 P. Dog weight 9.4 kgm. Bilateral thyroparathyroidectomy 
Blood calcium, 10.8. In twenty hours apparently well. In forty-eight hours, found 
in tetany, with marked tachycardia and tachypnea. General convulsive movements. 
Blood calcium, 5.2; electrical reactions: AC C 0.4, AOC 1.9,C CC0.2, COC 1.4. 
Twenty cubic centimeters of acid-alcohol parathyroid extract injected into circula- 
ation. In three hours walking about comfortably in cage. Blood calcium, 11.8; 
electrical reactions: AC C 3.5, AOC 8.6, CC C 2.9, AOC 9.4. In five hours, 
dog was found walking quietly incage. Notremors. Blood calcium, 12.8; electrical 
reactions: ACC 3.8, AOC 6.5,C CC 4.2, AOC 10.0 In twenty hours examined. 
Apparently not uncomfortable but tremors of tongue present. Blood calcium, 7.2; 
electrical reactions: AC C 0.9, AOC 1.4,C CC 0.9, COC 1.6. Ten cubic cen- 
timeters of acid-alcohol parathyroid extract injected hypodermically. After three 
hours, dog was examined for tremors. None found. No tremors of tongue. Blood 
taken. Blood calcium, 11.9; electrical reactions: AC C 1.9, AOC 6.8, C CC 2.6, 
COC 5.9. After twenty-four hours dog was apparently normal. In forty-eight 
hours found in violent tetany, breathing hard and heart action rather weak. Blood 
taken. Twenty cubic centimeters of acid-alcohol parathyroid extract injected into 
circulation. Blood calcium, 5.1; electrical reactions: ACC 0.1, AOC 0.7, CCC 
0.1, COC 0.2. After three hours, no tetany. Blood calcium 10.4; electrical reac- 
tions: ACC 5.2, AOC 9.8, CCC 1.9, COC 8.0. 

Experiment 464 P. Dog, weight 6.5 kgm. Blood calcium on three successive days 
10.9, 10.8, 11.1. Complete bilateral thyroparathyroidectomy. Typical tetany devel- 
oped in about thirty-six hours. Found lying on side, breathing rapidly with jerky 
twitching of all four extremities. Blood calcium, 6.1; electrical reactions: AC C0.1, 
AOC 0.2, CCC 0.1, COC 0.5. Twenty cubic centimeters of acid-alcohol para- 
thyroid extract injected. Dog became quiet in about three quarters of an hour and 
was apparently well after three hours. Blood calcium, 10.5; electrical reactions: 
ACC 1.9, AOC 8.4, CCC 2.4, COC 5.2. Four hours later, the blood calcium 
was 11.2; electrical reactions: AC C 1.8, AOC 9.2, CC C2.9,COC6.9. Twenty- 
four hours later the dog was not so well. Indefinite twitching of legs. Tendency to 
be quiet. Twelve hours later distinct tetany. Blood calcium, 5.6; electrical reac- 
tions: AC C 0.1, AOC 0.5, CC C 0.1, CO C 0.7. Ten cubic centimeters of 
acid-alcohol parathyroid extract injected. One hour later no signs of twitching. 
Blood taken two hours after that. Blood calcium 9.8; electrical reactions: A CC 
0.7, AOC 4.2,CCC 0.2, COC 5.4. Five hours later. Dog well, eats and drinks 
heartily. No tremors. Blood calcium, 12.4; electrical reactions: ACC 1.4, AOC 
8.2, CCC 1.9, COC 5.9. 

Experiment 465 P. Dog, weight 10.4 kgm. Blood calcium on three successive 
days 10.9, 10.5, 10.7. Bilateral thyroparathyroidectomy. In twenty-four hours 
there were apparently no symptoms, but the blood calcium was 7.2 and electrical 
reactions: ACC 0.4, AOC 1.9, CCC 0.7, COC 2.4. Fifteen cubic centimeters 
of acid-alcohol parathyroid extract was injected. Three hours later the blood cal- 
cium was 9.9; electrical reactions: A C C 0.9, AOC 6.2, CCC 2.2, COC 8.1. 
In twenty-four hours there were no symptoms. Twenty hours later found in tetany. 
Blood calcium, 4.9; electrical reactions: AC C 0.1, AOC 0.9, CCC 0.1, COC 
0.7. Twenty cubic centimeters of acid-aleohol parathyroid extract injected. Three 
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hours later, blood calcium 10.8; electrical reactions: AC C 1.2, AOC 9.4, CCC 
0.9, COC 7.8. 

Experiment 466 P. Dog, weight 9.9kgm. Blood calcium on three successive days, 
11.6, 11.4, 11.2. Bilateral thyroparathyroidectomy. In twenty-four hours found in 
tetany. Lying on side breathing heavily. General twitching of extremities. Blood 
calcium, 6.1; electrical reactions: ACC 0.1, AOC 0.3, CC C01, COC 0.5. 
Twenty cubic centimeters of acid-alcohol parathyroid extract injected. After two 
hours dog apparently normal. Breathing slow, regular. Walks about in cage. 
Takes food and water. After hour blood taken. Blood calcium, 10.1; electrical reac- 
tions: ACC 0.9, AOC 6.4, CCC 1.0, C OC 8.2. Twenty-four hours later, appar- 
ently well. Blood calcium, 9.1; electrical reactions: A C C 0.6, AOC 3.2,C CC 
0.4, C O C 5.0. Twenty-four hours later, found in tetany. General twitching of 
extremities. Hyperpnea very marked. Blood calcium, 5.0; electrical reactions: 
ACC less than 0.1, AOC 0.4, CCC 0.1, COC 0.4. Twenty cubic centimeters 
of acid-alcohol parathyroid extract injected. Three hours later no signs of tetany. 
Blood taken. Blood calcium, 11.0; electrical reactions: A C C 1.2, AOC 6.2, 
CCC 2.11, COC 9.4. Twenty-four hours later, no symptoms. 

Experiment 467. Dog, weight 8.5 kgm. Blood calcium on three successive days, 
10.4, 11.1, 11.0. Bilateral thyroparathyroidectomy. After twenty-four hours, no 
signs of tetany. After thirty-six hours, fibrillary tremors of tongue and extremi- 
ties present. Malaise and weakness, lack of appetite for food. Blood calcium 6.9; 
electrical reactions: AC C 0.4, AOC 1.1, CCC 0.5, COC 2.0. Fifteen cubic 
centimeters of acid-alcohol parathyroid extract injected. After three hours, no tre- 
mors of tongue or extremities observable. Takes water and food freely. Walks norm- 
ally. Blood calcium 9.4; electrical reactions: ACC 1.2, AOC 6.1, CCC3.2, COC 
8.1. After twenty-four hours, no signs of tetany. Lessened activity. Blood cal- 
cium, 8.9; electrical reactions: ACC 0.9, AOC 3.2, CCC0.5,COC4.1. Twelve 
hours later, found in tetany. Blood calcium, 5.2; electrical reactions: ACC 0.1, 
AOC1.0,CCC0.1, COCO0.8. Twenty cubic centimeters of acid-alcohol parathy- 
roid extract injected. After two hours, no signs of tetany. After three hours, 
blood taken. Blood calcium, 10.7; electrical reactions: AC C1.4, AQOC2.9,CCC 
0.9, COC 84. 

Experiment 468 P. Dog, weight 7.5kgm. Blood calcium on three successive days, 
10.1, 11.5, 10.9. Electrical reactions on last day when etherized, A CC 1.2, AOC 1.2, 
CC C08, C O C 5.5. Bilateral thyroparathyroidectomy. Twenty-four hours 
later, no tetany. Twenty-four hours still later, marked tetany, hyperpnea, lying on 
side, general muscular twitching. Blood calcium, 5.2; electrical reactions: ACC 1.9, 
AOC 5.7, CCC 0.9, COC 4.6. Twelve hours later, still quite well. 

Experiment 469 P. Dog, weight 7.4kgm. Blood calcium on three successive days, 
9.8, 10.1, 9.7. Electrical reactions when etherized, ACC 1.3, AOC 2.7, CCC 0.6, 
COC 6.5. Bilateral thyroparathyroidectomy. Twenty-four hours later, no symp- 
toms. Twelve hours after that, some fibrillary twitching of tongue observed. Twelve 
hours later, found in tetany. Blood calcium, 5.5; electrical reactions: A C C 0.1, 
AOC 0.3, CCC 0.1, COC 0.5. Twenty cubic centimeters of acid-alcohol para- 
thyroid extract injected. After two hours, no signs of tetany. Blood calcium 9.1; 
electrical reactions: A C C 2.2, AO C 5.0, C C C 3.1, COC 6.9. Twenty-four 
hours later, apparently normal except for some listlessness and occasional fibrillary 
twitching of tongue. Blood calcium, 7.2; electrical reactions: ACC 0.8, AOC 1.2, 
CCC 0.3, COC 2.5. Fifteen cubic centimeters of acid-alcohol parathyroid ex- 
tract injected. Three hours later, dog bright and active. No tremors of tongue. 
Blood calcium, 11.1; electrical reactions: A C C 1.2, AOC 5.1, CCC 2.1, COC 
9.6. No signs of tetany for forty-eight hours. Found lying on side, breathing 
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heavily, only slight twitching of extremities. Blood calcium, 4.9; electrical reac- 
tions: ACC 0.1, AOC 0.2,C CC 0.1, COC 0.4. Twenty-five cubic centimeters 
of acid-alcohol parathyroid extract injected. In about one-half hour, marked 
change for better. In one hour walking about, without symptoms. In three hours, 
blood calcium 9.8; electrical reactions: ACC 0.9, AOC 4.4,CCC 1.9, COC 7.2. 

Experiment 470 P. Dog, weight9.4kgm. Blood calcium on three successive days 
9.8, 10.1, 9.9. On the last day when etherized for operation, electrical reactions: 
ACC 0.6, AOC 3.2, CCC 14, COC 5.9. Complete bilateral thyroparathy- 
roidectomy. Tetany in forty-eight hours. Blood calcium, 5.2; electrical reactions: 
ACC 0.1, AOC 0.2, CCC 0.11, COC 0.3. Twenty cubic centimeters of acid- 
alcohol parathyroid extract injected. Dog apparently well and normally active 
AOC 5.3, CCC 14, COC 7.9. Three hours later the dog was eating meat, 
playful and showed no tremors, or muscular thrill on palpation of the neck muscles, 
which is the earliest sign of experimental tetany. Blood calcium, 6.8; electrical 
reaction: AC C0.2, AOC0.9, CCC0.1, COC 1.2. Twenty cubic centimeters 
of acid-aleohol parathyroid extract injected. After three hours, no signs of tetany. 
Blood calcium 0.10; electrical reactions: ACC 0.9, AOC 5.5, CCC 2.1, COC 8.2. 

Experiment 471 P. Dog, weight 10.1kgm. Blood calcium taken on three sucessive 
days, 10.0, 10.5, 10.1. Electrical reactions on last day, A C C 0.8, A O C 5.1, 
CCC 14, C OC 7.2. Complete bilateral thyroparathyroidectomy. Tetany in 
thirty-six hours. Blood calcium, 5.0; electrical reactions: A C C 0.1, AOC 0.2, 
CCC0.1, COC 0.3. Twenty cubic centimeters of acid-alecohol parathyroid ex- 
tract injected. In three hours, no signs of tetany. Dog when put on feet walked 
about briskly. No muscle thrill or tremor. Blood calcium, 9.0; electrical reactions: 
ACC 0.6, AOC 4.2, CC C 0.9, C O.C 7.0. Twelve hours later, blood calcium 
7.8; electrical reactions: ACC 0.3, AOC 3.0, CCC 0.6, COC 4.8. Muscle thrill 
present. Otherwise no other sign of tetany. No fibrillary tremors of tongue. Twelve 
hours later, general muscle twitching, lying on side, breathing heavily. Seemed on 
verge of exitus. Blood calcium, 5.8: electrical reactions: A C C less than 0.1, 
AOC 0.1, CCC 0.2, COC 0.2. Twenty-five cubic centimeters of acid-alcohol 
parathyroid extract were injected. After one hour, the dog was better. No twitch- 
ings. Butstill was weak and muscle thrill was elicitable over neck. After two hours, 
blood calcium, 7.2; electrical reactions: ACC 0.3, AOC. 5.1, CCC 1.7, COC 7.5. 
After another hour, dog was well apparently walking normally when put on floor. 
No muscle thrill elicitable. Blood calcium, 9.1; electrical reactions: A C C 0.8, 
AOC 5.1, CCC 1.7, CO C 7.5. Three hours later, dog eating meat freely, no 
signs of tetany. Blood calcium, 11.0; electrical reactions: A C C 0.9, A O C 7.1, 
CCC 2.8, COC 10.5. 


Experiments were conducted on three normal dogs on a meat diet to 
observe the effect on the electrical irritability of the nerves as well as on the 
blood calcium, the latter of which had previously been reported. 


Experiment 475 P. Dog, weight 8.5kgm. Blood calcium taken on three successive 
days 10.2, 10.7, 10.5. On the last day, electrical reactions: A C C 1.3, AOC 2.8, 
CCC 0.9, COC 5.9. Twenty cubic centimeters of acid-alcohol parathyroid extract 
injected. After three hours, blood calcium, 12.9; electrical reactions: A C C 1.4, 
AOC 48, CCC 19, COC 96. 

Experiment 476 P. Dog, weight 6.5kgm. Blood calcium taken on three successive 
days, 9.8, 9.5, 10.1. Electrical reactions on last day, AC C 1.6, AOC 2.3, CCC 
1.0, C O C 6.1. Twenty cubic centimeters of acid-alcohol parathyroid extract 
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injected. After three hours: blood calcium, 13.0; electrical reactions: A C C0.9, 
AOC 49,CCC 2.1, COC 8.2. 

Experiment 477 P. Dog, weight 9.4kgm. Blood calcium on three successive days, 
10.9, 11.0, 10.9. Electrical reactions on last day, AC C 1.3, AOC 3.6,C C C 1.1, 
COC 6.1. Twenty cubic centimeters of acid-alcohol parathyroid extract injected. 
After three hours, blood calcium, 13.5; electrical reactions: A C C 2.4, AOC 6.0, 
CCC 3.1, COC 10.4. 


DISCUSSION 


These experiments show that an extract of the parathyroid glands pre- 
pared by extraction with acidified aleohol at room temperature, as de- 
scribed above, when injected into normal animals will definitely increase 
the calcium content of the blood and at the same time decrease the elec- 
trical excitability of the nerves. When injected into parathyroidectomized 
animals in tetany, it will relieve the symptoms, raise the blood calcium to 
about the normal level, and at the same time will raise the threshold of the 
electrical excitability of the nerves which is so slight in these animals. The 
effects upon the electrical excitability of the nerve seems to be dependent 
upon the mobilization of calcium into the blood from the various calcium 
depots of the body, as the decrease of the electrical excitability of the nerves 
is correlated with the increase of the blood calcium both of the normal and 
parathyroidectomized animals. The demonstration of the effect of these 
parathyroid extracts upon the electrical excitability of the nerves as well 


as upon the calcium content of the blood is additional evidence that it 
contains the internal secretions of the parathyroid glands. 
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Method. The sciatic nerve and gastrocnemius muscle preparation of 
frog was used. In making the preparation a small piece of the spinal 
column was left attached to the nerve plexus which minimized the trauma 
of dissection. The preparation was arranged in a moist chamber by 
fastening the cut end of the femur in the clamp and leading the nerve 
through two paraffin cups between which it rested on a pair of German 
silver wire electrodes. The cup near the muscle contained 2 cc. of the 
solution whose effect was to be studied, and the second cup contained 
Ringer’s solution which served to keep the remainder of the nerve in good 
condition and to give support to the portion of spinal column attached. 

Controls were run each day in which both cups contained Ringer’s 
solution. The conductivity was tested by using single break induced 
shocks as a stimulus. A storage battery furnished the current and a 
spring key with platinum contacts was placed in the primary circuit. It 
is difficult to find a key which will give uniform break shocks. In the first 
half of the investigations, the minimal stimulus was determined by altering 
the position of the secondary coil, using a fairly constant primary current. 
The amperage and voltage of the primary current were determined fre- 
quently. In the last half of the investigations the method was changed. 
The secondary coil was kept at 10 cm. distance from the primary coil 
throughout. The current through the primary was altered by means of a 
rheostat and the strength of the minimal stimulus read off directly in mil- 
liamperes. This method is more satisfactory than the first. The induc- 
torium used was an old one, and since the number of turns in the two coils 
and the respective sizes of the wires were not known, the instrument could 
not be calibrated, but comparative results were obtained. 

The depression of the freezing point was determined in the usual way. 


1 A grant was received from a commercial concern to defray the cost of these in- 
vestigations. 
366 


: 
i 
t 
3 
> 
Fi 
5 
& 
€ 
e 


CONDUCTIVITY OF MOTOR NERVE 367 


The hydrogen ion concentration of the solutions was determined colori- 
metrically. 

Aluminium chloride solutions were used in concentrations ranging from 
twelfth molar to four hundred eightieth molar. The twelfth molar solu- 
tion was made by dissolving the required amount of substance in re- 
distilled water. This served as a stock solution. In the first half of the 
experiments, this stock solution was diluted to the desired concentration 
by adding Ringer’s fluid. In the last half, dilution was made by adding 
eighth molar sodium chloride. 


TABLE 1 


SOLUTION 


Ringer.... : 7 grams NaCl; 0.277 grams CaCl 
0.186 gram KCI per liter 

9.44 grams NaCl;0.37 gram CaCl,; 
0.25 gram KCl per liter 

Sodium chloride. . . .....| Eighth molecular 

Sodium chloride. ...... ...| 9.86 grams per liter 

Aluminium chloride Twelfth molar stock solution 

Aluminium chloride. . ; Twenty-fourth molar in NaCl 

Aluminium chloride ; Thirty-sixth molar in NaCl 

Aluminium chloride..... Forty-eighth molar in NaCl 

Aluminium chloride............| Sixtieth molar in NaCl.. 

Aluminium chloride............| One hundred twentieth molar 
Ringer 

Aluminium chloride.......... One hundred twentieth molar 
NaCl 

Aluminium chloride.......... One hundred eightieth molar 
Ringer 

Aluminium chloride......... Two hundred fortieth molar 
Ringer 

Aluminium chloride......... Two hundred fortieth molar 
NaCl 

Aluminium chloride............) Four hundred eightieth molar 
Ringer 


The air within the moist chamber was kept saturated and the tempera- 
ture was recorded when readings were taken. 

Table 1 presents the solutions used, together with their concentration, 
depression of the freezing point and pH. 

Results. The results obtained with aluminium chloride suggest that the 
conductivity of nerves is lowered in such solutions. The effect on con- 
ductivity is not unfailingly in proportion to the concentration. By ex- 


amining the curves of figure 1, it will be noticed that the controls lost very 
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little in conductivity during the six-hour period. The secondary coil was 
moved from 32.5 em. to 30.2 em., indicating a slight increase in the stimu- 
lus. Even in a concentration of four hundred eightieth molar aluminium 
chloride (in Ringer’s fluid) there is a decided alteration of conductivity. 
The position of the secondary coil was changed from 27.5 cm. to 20.8. 
The effect cannot be attributed to a difference in osmotic pressure, nor to 
hydrogen ion concentration, as will be shown later. 

It will be noticed that the nerves in two hundred fortieth molar alu- 
minium chloride likewise show a decrease in conductivity. The position 
of the secondary coil was changed from 31.7 to 22.7 em. showing a greater 
alteration in conductivity than occurred in the four hundred eightieth 
molar solution. The nerves in one hundred twentieth molar aluminium 
chloride show a marked decrease in conductivity since the secondary coil 
was moved from 29.5 to 16.5 em. within six hours. The nerves immersed 
in twelfth molar aluminium chloride showed a marked decrease in con- 
ductivity beginning at once. The position of the secondary was changed 
from 32.5 to 8 em. during the six hours. This indicates an enormous 
increase in the strength of the stimulus. 

Since there is a possibility of an interaction between the calcium in the 
Ringer’s fluid and the aluminium, it was decided to try the various con- 
centrations of aluminium chloride diluted with eighth molar sodium 
chloride instead of with Ringer’s fluid. The stock solution (twelfth molar) 
of aluminium chloride was diluted to the desired degree by addition of 
sodium chloride. It was necessary to run controls in eighth molar sodium 
chloride and the results are shown in figure 2. It will be seen that the 
sodium chloride itself alters the conductivity to some extent so these ex- 
periments are not satisfactory. The nerves in one hundred twentieth 
molar and in sixtieth molar aluminium chloride, however, show a more 
decided lowering of the conductivity than those in sodium chloride. 

At this time the method was altered as far as the stimulus was con- 
cerned. Instead of moving the secondary coil, it was kept fixed at a dis- 
tance of 10cm. from the primary coil. The primary circuit included the 
battery, key, ammeter and rheostat. The minimal strength of primary 
current capable of acting as a stimulus was determined. Of course, 
neither of these methods is satisfactory for quantitative results, but the 
latter is about as good a method as can be used with a coil whose con- 
struction is not known. The ordinates represent the strength of stimulus 
in milliamperes, and the abscissae the time in hours, in the following curves. 

In figure 3 are shown the results obtained by the second method. This 
method is apparently more sensitive although some of the results may be 
attributed to the fact that the frogs used during the spring months were 
much smaller and seemed in poor condition. The controls showed some 
decrease in conductivity from a stimulus represented by 29.5 milliamperes 
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Fig. 1. (First method). a—average of 50 controls in Ringer’s solution. 6 
average of 29 in ,{'y AICI; (,°5 diluted with Ringer’s solution.) c—average of 16 in 


AICI; diluted with Ringer’s solution). d—average of 15 in AlCl; 


12 


AICI. 


12 
Fig. 2. (First method). a—average of 10 in * NaCl. b—average of 17 in 
AICI, (,“, diluted with ¥ NaCl). c—average of 17 in “y AICIs ("5 diluted with “ NaCl). 
Fig. 3. (Second method). a—average of 108 controls in Ringer’s solution. b— 
average of 7 in AICI; (.“, diluted with ¥ NaCl). c—average of 32 in AICls 


diluted with Ringer’s solution). e—average of 12 in 
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diluted with ¥ NaCl). d—Average of 24 in AICI; (.“, diluted with { NaCl). 
Fig. 4. (Second method). a—average of 108 controls in Ringer’s solution. >} 
average of 16 in concentrated Ringer’s solution. c—average of 16 in concentrated 

sodium chloride solution. 

Fig. 5. (Second method). a—average of 108 controls in Ringer’s solution. b— 
average of 24 in Ringer’s solution kept at pH 3.8 by the addition of 50 drops of 
phosphate buffer to 10 cc. solution. c—average of 56 in Ringer’s solution having a 
pH of 3.8 at the beginning, but becoming less acid on standing. 
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at the beginning to 55.9 in seven hours. The nerves immersed in twenty- 
fourth molar aluminium chloride decreased in conductivity markedly from 
a stimulus represented by 29 milliamperes in the beginning to 183 in seven 
hours. Forty-eighth molar, aluminium chloride (in sodium chloride) was 
quite toxic resulting in a necessity of increasing the strength of stimulus 
from 29 mlliamperes to 100 in seven hours. Two hundred fortieth molar 
was less toxic, the change in strength of stimulus required being from 34 
to 68 milliamperes. 

Since there was a variation in the depression of the freezing point of the 
various solutions, it was necessary to determine the effect of solutions of 
higher osmotic pressure than the ordinary Ringer’s fluid. A more con- 
centrated Ringer’s solution, containing 9.44 grams of sodium chloride, 
0.25 gram of potassium chloride and 0.37 gram of calcium chloride per 
liter, was used. The depression of the freezing point of this solution was 
0.63°C. It will be seen from figure 4 that this solution seemed even better 
for the nerves than the usual Ringer, but the number of experiments was 
smaller, so one must be cautious in drawing such conclusions. Some ex- 
periments were done with a sodium chloride solution which depressed the 
freezing point 0.6° (9.86 grams per liter). This was found to affect the 
conductivity of the nerves very little. This group of experiments seems 
to indicate that a slight increase in csmotic pressure is not detrimental, 
so the results obtained in the aluminium chloride experiments cannot be 
attributed to this cause. 

Aluminium chloride solutions have a high hydrogen ion concentration. 
It was necessary to determine whether or not the results on conductivity 
were due to acidity. Methyl red was added to the test solutions. In no 
case was there a change in color in the solution after the nerve had been 
immersed for several hours in aluminium solutions. To determine the 
effect of acidity, Ringer’s solution was made acid by the addition of hydro- 
chloric acid, and methyl red added as in the aluminium experiments. It 
was surprising to note that within an hour or two the solution had lost its 
pink color. The nerve was evidently eliminating bases which served to 
neutralize the hydrochloric acid. A paraffin cup containing the same 
mixture was placed in the moist chamber as a control. This solution, con- 
taining no nerve, retained its original color so that the reaction could not 
be attributed to interaction between the solution and the paraffin. For 
some reason, bases did not diffuse out from nerves immersed in aluminium 
solutions sufficiently to alter the hydrogen ion concentration. 

When it was found that the hydrogen ion concentration of the acidified 
Ringer’s solution did not remain constant on immersing a nerve in it, a 
small amount of phosphate buffer (pH 3.8) was added. Occasionally the 
solution would show a faint pink after several hours, and the nerve would 
be deeply pink. In other cases the nerve retained its usual appearance 
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and the solution remained pink or became yellow. Usually 50 drops of 
buffer added to 10 ee. of acidified Ringer’s fluid would be sufficient to 
hold the color constant for several hours. However, in some cases, even 
this amount failed to take care of the bases diffusing from the nerve strip, 
and the solution became yellow. The same amount of buffer added to 
aluminium chloride solutions did not alter the effects on conductivity of 
nerves. The results of these experiments have been summarized in the 
curves of figure 5. It will be noted that the nerves in acidified Ringer’s 
solution containing no or insufficient buffer show a greater decrease in 
conductivity than those immersed in acidified Ringer’s solution kept at a 
pH of 3.8 by the addition of considerable phosphate buffer. It would seem 
that this degree of acidity is not particularly detrimental so the aluminium 
results cannot be ascribed to it. 

As far as temperature is concerned, the nerves lost their conductivity 
more rapidly the higher the temperature. During the academic year the 
temperature in the laboratory varied from 68 to 74°F. It was found that 
temperatures above this range were most unsuitable for this type of work. 


CONCLUSIONS 


1. Nerves immersed in aluminium chloride solutions show a decrease in 
conductivity greater than the decrease occurring in nerves in Ringer’s 
solution or in eighth molar sodium chloride. 

2. Osmotic pressure was not alone responsible for the results obtained 
with the more concentrated aluminium chloride solutions since Ringer’s 
solution or sodium chloride with even higher osmotic pressures showed no 
such depressing effect on conductivity. 

3. Hydrogen ion concentration was not alone responsible for the results 
obtained with the aluminium chloride solutions since Ringer’s solution 
with an equal hydrogen ion concentration held constant by the addition 
of phosphate buffer showed no depressing effect on conductivity. 


THE EFFECT OF BLEEDING UPON THE SERUM CALCIUM OF 
THYROPARATHYROIDECTOMIZED DOGS! 


W. W. SWINGLE anv W. F. WENNER 


From the Osborn Zoélogical Laboratory, Yale University and Biological Laboratory, 
Cold Spring Harbor 


Received for publication September 25, 1925 


Investigators of parathyroid tetany have repeatedly called attention 
to the fact that bleeding the animal during the convulsive attacks and 
replacement of the blood in part by an indifferent salt solution promptly 
relieves the symptoms. The present writers have had ample opportunity 
to confirm this observation during the course of an extensive investigation 
of parathyroid tetany in dogs. We have observed, however, that bleeding 
alone is just as effective in relieving tetany as. bleeding followed by replace- 
ment of an equivalent volume of blood by salt solution. Dogs exhibiting 
alarming symptoms, such as repeated epileptiform convulsions, can be 
brought back to an apparently normal condition by withdrawing 100 ce. 
of blood. The effect of such bleeding upon the tetany symptoms is some- 
times very striking; the animal quiets down, the tremors, spasticity and 
convulsions disappear almost completely, and for several hours afterward 
the dog appears normal. 

Bleeding affords only a temporary relief for sooner or later, generally 
within six or eight hours, the tetany symptoms return and continued 
bleeding fails to induce the marked abatement of symptoms which fol- 
lows the first withdrawal of blood. 

The temporary amelioration secured by bleeding a dog in tetany has 
always been interpreted as the effect of the removal of a circulating poison 
produced in excessive quantities after removal of the parathyroid glands. 
It is, in fact, one of the principal supports of the toxin theory of tetania 
parathyropriva, and an adequate explanation to account for the phenome- 
non has never been offered by those who deny that parathyroid tetany is 
primarily the result of a circulating toxin. Voegtlin and MacCallum 
(1910-11), the founders of the calcium deficiency theory of tetany, state: 
“This (the fact that bleeding relieves tetany) we have always had to inter- 
pret as being the effect of the removal of a circulatory poison produced 
when the parathyroids are destroyed.’ Greenwald (1924) makes the 


1 The expenses of this investigation were defrayed by a grant from the Joseph 
Henry Fund of the National Academy of Science. 
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following statement in his discussion of the toxin theory of tetany: ‘‘The 
usual argument of those who favor the hypothesis that a toxin is the 
-ause of tetany has always been the remission of symptoms and decreased 
electric excitability of the motor nerves observed after bleeding and 
injection of salt solution.”” Berkeley and Beebe (1909) who accept the 
toxin theory, lay considerable stress upon the remission of tetany symptoms 
following bleeding as good evidence for their point of view. The follow- 
ing quotation from their paper indicates the importance attached by adher- 
ents of the toxin theory to the amelioration of tetany by bleeding. ‘‘We 
have repeatedly confirmed the observation that an animal in severe tetany 
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Time in Hours 


Fig. 1. The serum calcium curve of tetany dogs following bleeding. The numbers 
represent the experimental animals, the protocols of which are given in the text 


may be relieved quite promptly by bleeding followed by an intravenous 
infusion of physiological salt solution. If the tetany is due to a low con- 
tent of calcium in the blood and tissues such a procedure should make 
matters worse, because the bleeding may remove one-third of the blood 
with its low calcium content and the subsequent infusion with salt solu- 
tion dilutes the remaining blood so that after the operation the tissues 
are bathed in a fluid having approximately only one-half the calcium con- 
tent that they previously had, and yet the symptoms have abated. Such 
a method of treatment, however, is well suited to diminish the concentra- 
tion of a poison in the circulating blood.”’ 
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Odd as it may seem, however, the relief of tetany by bleeding, instead of 
furnishing good evidence that tetany is due to a circulating poison, really 
affords excellent reasons for denying the existence of any such hypotheti- 
cal toxin, and gives additional proof that calcium deficiency is the cause of 
tetany. We have been able to show quite clearly that the withdrawal of 
large quantities of blood from parathyroidectomized dogs in tetany raises 
the level of the serum calcium. The abatement of tetany symptoms 
following bleeding coincides with the rise in the level of the serum calcium, 
and the subsequent lowering of blood calcium to the level preceding 
bleeding, which occurs after a few hours, is accompanied by manifest 
symptoms. Figure 1 shows in graphic form the increase in serum calcium 
which follows bleeding. No effort was made to measure the calcium level 
of the serum after the second bleeding except in three cases, consequently 
our curves do not show the decrease in serum calcium which later occurs. 
We took the lowering of the calcium level for granted upon the return of 
tetany, since we have measured the serum calcium of numerous dogs in 
tetany and have without exception found a great decrease in the calcium 
content of the serum accompanying manifest symptoms. The tetany 
level of the serum calcium for dogs seems to be about 7 mgm. per 100 ce. 
of blood, i.e., tetany becomes manifest when the level of the serum calcium 
is at or below this figure. There are exceptions to this rule, however, for 


occasionally dogs with a serum calcium of 7.5 mgm. per 100 cc. exhibit 
marked tetany (fig. 1, dog 4). The abbreviated protocols of the dogs used 
in the experiment are given below. 


Dog 1. Irish terrier, male, weight 4 kilos. Thyroparathyroidectomized August 
6. Serum Cal0.l1mgm. August 8, violent attack of tetany at 3:30 p.m. Tremors, 
spasticity, panting and fast pulse. Bled from the heart at 4:15 p.m., 100 ec. of 
blood taken. Serum Ca6.5 mgm. At 6 p.m. tetany had abated some. 7:15 p.m., 
dog quiet and only faint tremors of flank and shoulder muscles observed. 9 p.m., 
animal perfectly quiet and seemed normal. Bled again at 9 p.m., 35 ec. of blood 
withdrawn. Serum Ca 8.5 mgm. Animal given 200 cc. of a 5 per cent solution of 
strontium lactate at 9:30 p.m. and from this time on has been employed for another 
experiment on tetany prevention. 

Dog 2. Fox terrier, male, weight 4 kilos. Thyroparathyroidectomized July 25. 
Serum Ca, 10.2mgm. Animal remained normal until July 30 when a violent attack 
of tetany occurred at 7 a.m. Repeated epileptiform convulsions characterized the 
attack and artificial respiration was resorted to once in order to save the animal. 
Bled from the heart at 11 a.m., 30 cc. of blood taken. The animal quieted down and 
remained free from tetany for twelve hours. Serum Ca not measured. The abate- 
ment of symptoms was striking. August 1, animal weak and exhibited marked 
tremors and spasticity. August 2, violent tetany attack at 10 a.m., 75 ec. of blood 
withdrawn at 11 a.m. Marked amelioration of the tetany symptoms followed 
several hours after bleeding. At 3 p.m. the animal was quiet and apparently free 
from tetany. Bled at 3 p.m., 45 cc. taken. Serum Ca9mgm. At 10 p.m. the dog 
was bled again. Serum Ca 8.2 mgm. No tetany symptoms noted. Bled at 10:40 
p.m. Serum Ca 7.8 mgm. August 3, the animal remained free from tetany until 
1 p.m. when the tremors returned. The dog died in convulsions at 5 p.m. 
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Dog 3. English pug, male, weight 3.5 kilos. Thyroparathyroidectomized August 
6. SerumCallmgm. Received 200 cc. of a5 per cent solution of strontium lactate 
daily. August 6 to 9, normal. August 10, animal received no strontium. Violent 
tetany at 12:10 a.m. Epileptiform convulsions. Revived by artificial respiration 
Bled at 1:10 a.m., 80 cc. of blood withdrawn. Serum Ca6.9 mgm. Animal greatly 
improved after thirty minutes. Nosigns of tetany. Bled again at 2:40 a.m., 30 ce 
taken. Serum Ca8.5mgm. The dog remained free from tetany until 8 a.m., when 
the symptoms returned. This animal was kept alive by strontium administration 
until August 16, when he died in convulsions. Repeated bleeding on this date failed 
to raise the Ca level of the serum. (Fig. 2, animal 3. 

Dog 4. Collie, male, weight 10 kilos. Thyroparathyroidectomized July 27 
Serum Cal1l.7mgm. July 28, violent tetany attack. Bled from heart at 10:30 p.m., 
80 ce. blood taken. Serum Ca7.7mgm. Symptoms abated rapidly, although slight 
tremors persisted for several hours. 6:30 a.m., July 29, animal showed no tetany 
symptoms whatever; 35 cc. blood withdrawn. Serum Ca 8.9 mgm. This animal 
remained normal all day. At 10 p.m. tetany developed. Bled at 11 p.m. Serum 
Ca 6.4mgm. July 31, animal in excellent condition. Has but slight tetany symp- 
toms. From this date on the dog was used in another experiment 

Dog 5. Shepherd, male, weight 5 kilos. Thyroparathyroidectomized June 16. 
Serum Ca10.2mgm. June 18, violent tetany attack which continued all day June 
19, animal in bad condition, marked tremors, spasticity and weakness. Bled from 
heart at 9a.m., 40 ce. taken. Serum Ca6.2 mgm. Dog quiet after two hours, and 
by 11 a.m. tetany symptoms had practically disappeared. Bled again at 1:30 p.m., 
35 ec. taken. Serum Ca7.2mgm. June 20, animal developed pneumonia symptoms 
and showed marked tetany tremors. Died the following morning. 

Dog 6. Fox terrier, male, weight 3 kilos. Thyroparathyroidectomized August 
25. Serum Ca 10.9 mgm. August 26, animal in violent tetany at 8 a.m. Coarse 
jerkings of limb muscles, panting salivation, spasticity. Bled from heart at 9:20 
a.m., 40 ec. blood taken. Serum Ca6.0mgm. The tetany attack continued until 
1:30 p.m. when the animal became quiet. 4:45 p.m., dog perfectly quiet, no tetany 
symptoms whatever; 35 cc. of blood taken. Serum Ca 8.4mgm. Animal remained 
quiet until the following morning when tetany returned. Bled from the heart at 
2:40 p.m. Serum Ca 6.4 mgm; 60 cc. blood taken. Given 200 cc. H.O, by stomach 
tube. 5p.m., animal stillin tetany. 11:30 p.m., nochange. 8 a.m., August 27, no 
change. Animal in very bad condition. Given 200 cc. of magnesium lactate 
Bleeding experiment discontinued. Animal died 1 p.m., August 27. The ri-e and 
fall in the level of the serum Ca is shown in figure 2. 

Dog 7. Fox terrier, female, weight4 kilos. Thyroparathyroidectomized August 
24. Serum Callmgm. August 25, violent attack of tetany at4:30p.m. Bledfrom 
heart at 7:15 p.m., 110 ec. blood taken. Serum Ca 5.9mgm. Dog quieted within a 
few minutes following bleeding. All tetany symptoms had disappeared by 8 p.m., 
i.e., within forty-five minutes. Bled at 8:40 p.m., 45 cc. blood taken. Serum Ca 8.4 
mgm. Animal died at 8:48 p.m. of failing circulation. 


The rapidity with which the calcium content of the serum rises after 
bleeding is sometimes striking. For example, the graph of dog 7 in fig- 


ure 1 shows that one hour and twenty-five minutes after the withdrawal 


of 110 ce. of blood, the calcium of the serum rose from 5.9 mgm. to 8.4 
mgm. per 100 cc. Animal 3 (fig. 1) showed a somewhat similar curve, 
although the rise was not so great. 

We have not had so much success in raising the calcium of the serum after 
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the second and third withdrawal of blood within twenty-four hours. The 
animals do not respond nearly so well as they do after the first bleeding. 
Figure 2 shows the effect of the second bleeding following within a few hours 
after the first upon the serum calcium of three dogs. The animals were 
allowed to develop tetany, were then bled and the calcium measured, then 
bled again after several hours to determine the effect of bleeding upon the 
calcium level, and finally after a second interval of several hours, bled 


2. 


6 ¥ 8 9 10 11 12 
Days 
Fig. 2. The calcium curve of three thyroparathyroidectomized animals. The 
curve begins at the normal Ca level at the time of operation. The crosses indicate 
withdrawal of blood. 


again. The graphs indicate that the level of the serum calcium is not 
altered by repeated bleedings after the initial rise. This fact corresponds 
nicely with our observation that the second and third withdrawals of blood 
do not greatly affect the tetany symptoms. Apparently, the amount of 
reserve calcium which the organism is able to mobilize within twenty-four 
hours under the stimulus of bleeding is limited. It will be noted in figure 2 
that the descending limb of the curve of animal 3 is much less abrupt than 
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appears in the curve of the other dogs. This is due to the fact that after 
the rise in the serum calcium, following the first bleeding, had occurred the 
animal was given 200 cc. of a 5 per cent solution of strontium lactate by 
mouth, and received this amount daily. We wished to determine whether 
or not the calcium could be maintained at the new level by strontium. 

It is probable that other salt constituents of the blood of dogs in tetany 
likewise increase temporarily after bleeding, although no attempts were 
made to determine whether this is the case. The mechanism by which 
TABLE 1 


HOURS 


Ca pt NG 3ETWEEN Cs 
ANIMAL 4 DURING BETWEEN 1 AFTER SYMPTOMS 
TETANY DETERMINA- BLEEDING 


TIONS 


mym. mgm 
None 
None 
None 
None 
None 
None 
None 


the increase in serum calcium is effected is not clear. It is possible that 
the sudden withdrawal of considerable quantities of blood from tetany 
animals enables the organism to tap calcium reserves otherwise not avail- 
able. However this may be, it seems clear that the remission of tetany 
symptoms which occurs after bleeding is not necessarily due to diminution 
in the concentration of a circulating toxin in the blood, but is probably 
due solely to the increase in utilizable calcium which follows such proce- 
dure. Table 1 shows the percentage rise in the serum calcium after 
bleeding. 
SUMMARY 


1. Withdrawal of considerable quantities of blood from dogs suffering 
from tetania parathyropriva promptly relieves the symptoms temporarily, 
and induces a marked rise in the level of the serum calcium. 

2. The abatement of symptoms coincides with the rise in serum calcium. 
Within ten or twelve hours after bleeding the calcium content of the blood 


again decreases and tetany becomes manifest. 

3. The remission of tetany symptoms which follows bleeding cannot 
be considered good evidence that such procedure diminishes the concen- 
tration of a toxic substance in the circulating blood. 
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Since the publication of MacCallum and Voegtlin’s (1909) pioneer work 
on the relation of the parathyroid glands to calcium metabolism, other 
investigations have appeared dealing with the effects of various agents, 
both physical and chemical, upon the tetany syndrome. Several methods 
of medication and treatment besides calcium administration have been 
found to temporarily relieve, or even permanently cure, tetany in dogs. 
The following procedures have all been found efficacious: intravenous 
injections of { NaCl solution (Joseph and Meltzer, 1910-11), bleeding, 
intravenous injections of strontium and magnesium (Berkeley and Beebe, 
1909), intravenous injections of Ringer’s solution (Luckhardt and Rosen- 
bloom, 1922), addition of large quantities of lactose to the diet (Dragstedt 
and Peacock, 1923), and ultra-violet radiation (Swingle and Rhinhold, 
1925). 

There is little agreement as to the mechanism involved in the relief, 
prevention or cure of tetany, as the case may be, by the various agents and 
procedures mentioned. Some believe that the prompt relief of tetany 
which follows bleeding or the continuous intravenous injection of Ringer’s 
solution, with consequent diuresis, is due to ridding of the body of a cir- 
culating toxin. Others think that the prevention of symptoms by adding 
lactose to the diet, is due to changes induced in the metabolism of the 
intestinal flora whereby certain toxic substances (assumed to be the cause 
of tetany) due to bacterial decomposition of proteins are not produced. 
The ameloriation of tetany symptoms following strontium and magnesium 
injections is generally stated to be due to the sedative influence of these 
salts upon the nervous system. 

It is our belief, however, that most, if not all, of the agents named are 
effective in the treatment of parathyroid tetany only insofar as they 
affect the retention and utilization of calcium by the organism, and per se 


1 The expenses of this investigation were defrayed by a grant from the Joseph 
Henry Fund of the National Academy of Science. Acknowledgments are due the 
Biological Laboratory, Cold Spring Harbor, for laboratory facilities during the 
latter part of the work. 
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are capable of exerting little influence. Some previous work (Swingle 
and Rhinhold, 1925; Swingle and Wenner, 1925) had shown that the 
ameliorative action of ultra-violet radiation upon tetany is probably dus 
to its action on calcium metabolism, and also that the prompt relief ot 
tetany symptoms which follows bleeding is due solely to the rise in the 
level of the serum calcium which occurs after such procedure. In the 
present communication, data are presented indicating that the preventive 
and curative action of strontium upon tetany is due to the action of this 
salt in promoting calcium retention after parathyroidectomy rather than 
to any inherent curative properties possessed by the salt itself. 

Berkeley and Beebe (1909) were the first to call attention to the fact 
that strontium chloride, when administered intravenously to a dog in 


tetany, promptly relieves the symptoms. The effect of strontium salts 


was tried upon ten dogs in tetany, and the conclusion reached that it is 
scarcely possible to decide whether calcium salts give any better results. 
The effects of the calcium appear a little earlier than those of strontium, 
but they are not more complete or lasting. None of Berkeley or Beebe’s 
animals receiving the strontium lived more than a few days. The symp- 
toms could be kept under control, but the dogs invariably died of nutri- 
tive disturbances. 

In the following year, Voegtlin and MacCallum (1910-11) published the 
results of their investigation on the influence of various salts upon tetany. 
They also used strontium chloride intravenously and stated that on the 
whole, the effects of this salt are similar to those produced by calcium, 
although the lowering of the excitability of the motor nerves to electrical 
stimulation is not quite so marked. Despite the abatement of tetany 
symptoms following injection of strontium, Voegtlin and MacCallum were 
unable to preserve the life of the dogs for more than a few days, the animals 
dying of malnutrition and exhaustion. However, one animal survived 
fifteen days. 

Considerable experience with parathyroidectomized mammals (Swingle 
and Nicholas, 1924-25), and especially work on the effect of repeated in- 
travenous and subcutaneous injections of calcium in tetany dogs, led the 
present writers to believe that such treatment has probably killed almost 
as many dogs as the tetany itself. We considered it probable that oral 
administration would be as effective and much simpler. It will be recalled 
that Luckhardt and Goldberg (1923) were able to prolong indefinitely the 
lives of their animals by calcium feeding. Our experiments were under 
way when a short abstract by Dragstedt (1925) appeared in the Proceedings 
of the American Physiological Society, which dealt with similar experi- 
ments. 

Dragstedt used nine dogs, and following parathyroid removal the animals 
were fed bread and water ad libitum. Fifteen grams of strontium lactate 
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dissolved in water or incorporated in corn meal mush were given by stom- 
ach tube. Seven animals died of tetany at the end of 4, 7, 8, 11, 17, 18 
and 23 days. ‘Two recovered and were alive eight months after the opera- 
tion. The animals occasionally developed tetany which could be com- 
pletely controlled by intravenous injection of from 800 to 1200 ce. of 
modified Ringer’s solution in which strontium chloride replaced the cal- 
cium of the usual formula. Dragstedt states that strontium is not so 
effective as calcium in preventing tetany. 

We are not aware of any other investigations besides the three mentioned 
(one reported in an abstract of about one hundred words) and our own, 
which deal with the relation of strontium to tetany. The essential problem 
with which we are here concerned is, how does strontium act in preventing 
or relieving tetany? 

Twenty-seven dogs were used in the investigation. Careful attention 
was given to the diet, since it is well established that certain diets tend to 
induce tetany, e.g., meat, whereas others such as white bread and milk, 
or milk and lactose prevent—or at any rate—greatly retard the onset of 
tetany in operated dogs. The diet employed was a modification of that 
recommended by Cowgill (1923) for metabolism experiments, and contains 
casein, sucrose, lard, butter and a salt mixture from which we omitted the 
calcium (Swingle and Rhinhold, 1925). Sixteen grams of this diet per 
kilo of body weight per day are sufficient to maintain a dog in excellent 


physical condition. We have tested the diet on parathyroidectomized 
dogs and find that it has no preventive effect on tetany. Hence the diet 
must be ruled out as a factor in any way influencing the results of our 


experiments. 
Strontium chloride was first employed but soon abandoned because of 


its irritating action on the gastro-intestinal tract. Dogs receiving the 
chloride refused food and invariably died of nutritive disturbances, al- 
though the tetany symptoms could be controlled. Strontium lactate 
was found to be as effective as the chloride but not so irritating. Im- 
mediately following the operation, when the effects of the anesthetic 
had passed, the animals were given 200 cc. of a 5 per cent solution of stron- 
tium lactate by stomach tube. This amount was given daily.? Table 1 
shows the effects of strontium in preventing tetany. 

It will be noted that some animals lived for comparatively long periods 
and probably could have been kept indefinitely had it been desirable. We 
were forced to get rid of all dogs surviving more than 72 days because of 
inadequate space for keeping large numbers of dogs in the laboratory. 
For instance, animals 2, 3, 8, 9, 11 and 12 were apparently normal dogs 
at the end of the 72 days and in excellent physical condition. These 


2It was later found that 100 cc. given three times daily was more effective than 
a single massive dose. 
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animals received 200 cc. of strontium lactate daily for about 40 days, 
except animal 12 (see protocol). At the end of this time the strontium was 
discontinued but the animals were kept on the diet. On the 50th day a 
meat diet was substituted. None of the dogs showed tetany symptoms 
following discontinuance of the strontium and replacement of the special 
diet by meat. 


TABLE 1 


The effect of strontium in the treatment of tetany 


REMARKS 


OPERATED 
DURATION | 
EXPERIMENT | 


ANIMAL 
TETANY 
RESULT 


March 19 March 22 Died ¢ Animal received stron- 


| March 30 | April 1 Recovered tium chloride 


April 7 April 9 Recovered 

April 21 April 26 Died 2 Animal pregnant 
April 1 April 8 Died Died of pneumonia 
April 8 April 9 Died Dog pregnant 

May 5 May 16 Died 

May 19 May 23 Recovered 
May 22 May 25 Recovered 
April 21 May 11 Died 

May 26 May 30 tecovered 
August 6 August 8 Recovered 
May 8 May 14 Died 

June 11 June 15 Died 
June 12 | June 14 Died 
June 12 June 18 Died 
June 14 June 17 Died 
June 13 June 15 Died 

June 16 June 20 Died 

June 17 June 19 Died 

July 14 July 20 Died 

July 24 August 2 Died 

July 24 July 30 Died 
August 6 August 14 | Died 
August 14 | August 19 | Recovered 
August 15 | August 23 | Died 
August 15 | August 27 | Died 


Advanced pregnancy 


Advanced pregnancy 


Pregnant 


Pregnant 


2 > 


There can be no question of parathyroid tissue being left behind at 
operation because all of the animals developed tetany symptoms, three 
were in very bad shape for several days and little hope was held for their 
recovery (see protocols). The animals could be thrown into tetany at will 
up until the 30 or 35th day by merely discontinuing the strontium. After 
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this interval had elapsed since operation the dogs seemed to recover com- 
pletely. The following abbreviated protocols of five dogs will give some 
idea of the experiments. 


Protocol, Dog 2. Adult male, weight 8 kilos. Thyroparathyroidectomy March 
30. Fed some meat along with regular diet. Given 200 cc. of 5 per cent solution of 
strontium lactate daily. 

April 1, tetany. 

April 2-13, mild tetany; animal losing weight rapidly. 

April 14, dog has pneumonia symptoms and marked tetany. 

April 15-20, animal very weak and emaciated. Fed by stomach tube. Tetany 
abating. 

April 21-25, dog much better, eats and is recovering strength. Occasionally has mild 

_attacks of tetany. 

April 25-27, tetany symptoms have entirely disappeared. Animal appears normal. 

April 28-May 18, dog perfectly normal; has gained much weight. Strontium dis- 
continued May 18. 

May 19-May 27, dog normal. Serum Ca, May 22, 10.2 mgm. 

May 31, casein diet discontinued and heavy meat diet substituted. Serum Ca, May 
20, 10.2 mgm. 

June 1-15, animal normal. Killed June 16. Autopsy revealed no accessory para- 
thyroids. Serum Ca, June 15, 10.4mgm. 

Protocol, Dog 3. Adult male, weight 4 kilos. Parathyroidectomized April 7. 
Received 200 cc. strontium lactate daily. 

April 9-10, marked tetany. 

April 11, tetany abating. 

April 12, animal normal except for weakness. 

April 13, fed meat. Within two hours had a violent attack of tetany. Given 400 
cc. strontium. No tetany after three hours. 

April 14-21, animal] normal. 

April 21-29, normal, struggled violently upon passage of stomach tube on April 29 
and developed violent attack of tetany a few hours later. 

April 30, tetany. Animal so spastic it is unable to walk. 

May 1-3, tetany continues but it is not violent. 

May 4, tetany abating. 

May 5, animal shows no tetany symptoms; seems much stronger. 

May 6-28, dog normal. Strontium discontinued May 28. Serum Ca, May 22, 10.5 
mgm. 

May 29-June 11, animal normal; gaining weight. Casein diet replaced by meat. 
Serum Ca, June 1,10.6mgm. June 8, 11 mgm. 

June 20, animal killed. Accessory glands not found at autopsy. 

Protocol, Dog 8. Adult male, weight 6 kilos. Operated May 19. Received 200 

ce. of 5 per cent solution strontium lactate daily. 

May 20-22, dog normal. 

May 23, tetany. 

May 24, mild tetany; symptoms abating. 

May 25-July 6, animal normal. Strontium discontinued; meat diet substituted for 
casein. 

July 6, serum Ca, June 10, 10.9 mgm. 

July 7-August 1, dog normal. Killed August 21. Serum Ca, June 24, 10.1 mgm. 
August 1, 10.7 mgm. 
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Protocol, Dog 9. Adult male, weight 6 kilos. Thyroparathyroidect 
22. Given 200 cc. strontium daily. 
May 25, animal has tetany. 
May 26-28, dog in bad shape. Losing weight rapidly 
May 29-June 3, tetany abating. Dog seems better. 
June 4-6, no tetany. 
June 7-17, animal normal. On the 17th the animal engaged in a fight with an 
dog and was severely bitten. Mild tetany supervened some hours later 
11, serum Ca, 10.4 mgm. 
June 18, mild tetany. Animal spastic. 
June 19, dog normal. 
June 20-August 1, normal; strontium discontinued July 6, and meat substituted for 
the casein diet. Serum Ca, June 24, 10.6 mgm., August 1, serum Ca, 10.8 mgm. 


TABLE 2 


Effe cl of strontium in de laying the onset of tetany 


ANIMALS NOT RECEIVING STRONTIUM* ANIMALS RECEIVING STRONTIUM 


ation-Tetany 
Interval Oper 
ation-Tetany 


Animal 
Operated 
Ca normal 
Interval 
Animal 
Operated 
Ca normal 


mgm mgm mgm 
July 14 (11.3) July 10 
July 24 10.5) August 2 
July 24 (10.5) July 30 
August 6 |11.1 August 14 
August 1411.0 August 19 
August 1510.2 August 23 
August 1510.8 August 27 
April 1 April 10 
April 21 11.0 May 11 

7 | May 5 11.0 May 17 


June 10 2 June 12 
June 12 |10.8' June 14 
June 12 June 14 
June 15 /|10.7| June 18 
June 17 (|10.9| June 18 
July 27 11.3) July 30 
July 27 July 29 
August 5 |10.1) August 8 | 6. 
August 10)10.2) August 11) 6. 
August 1610.6) August 13) 6.4 


to bo bo 


8 

7 

7 
4 


mh 


* The animals of the series not receiving strontium were used for another experi- 
ment run simultaneously with that on strontium and serve as controls for the latter 


Protocol, Dog 11. Adult male, weight 7 kilos. Operated May 26. Serum Ca, 
10.8 mgm. Strontium given daily. 
May 30, tetany. 
May 31-—June 3, dog in bad condition; very weak. 
June 4, animal much better. Tetany abating. 
June 5-July 6, dog normal. Strontium discontinued on July 6, and the casein diet 

replaced by meat. June 10, serum Ca, 10.3 mgm., June 24, Serum Ca, 10.6 mgm 

August 1, 10 mgm. 


The question arises—how does strontium prevent tetany? Our data 
indicate that the mechanism by which strontium prevents tetany is chiefly 
in preventing calcium excretion. Salvesen (1923) has conclusively shown 
that the loss of calcium from the organism following parathyroid removal 
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is due to rapid elimination of this salt through the gut wall. In view of 
his results, our data seem to indicate that strontium acts upon the intestinal 
tract in such a manner as to decrease its permeability to calcium so that 
the latter is not permitted to escape. As a consequence of the decreased 
permeability of the gut to calcium excretion, the amount of this salt in 
the blood and tissues is not appreciably diminished following parathyroid 


TABLE 3 


Effect of strontium administration on the level of the serum Ca 


OPERATION Ca DETERMINATIONS REMARK 


Not de- ay 2: June 11 June 24 August 1 Animal had tet- 
ter- 10.4 mgm. | 10.6 mgm. | 10.8 mgm. any from 
mined May 25-June 

3. Recov- 
ered com- 
pletely 

Not de- | May 19 June 10 June 24 August 1 Animal had tet- 
ter- 10.9 mgm. | 10.7 mgm. | 10.7 mgm. any from 
mined | May 23-29. 

Recovered 
completely 

Not de- | April 7 May 22 June 1 June 8 Tetany from 
ter- 10.5 mgm. | 10.6 mgm. | 11.0 mgm. April 916. 
mined Recovered 

completely 

Not de- | March 30 | May 22 May 30 June 15 Tetany from 
ter- 10.2 mgm. | 10.2 mgm. | 10.4 mgm. April 1-23. 
mined Recovered 

completely 

10.8 May 26 June 10 June 24 August 1 Tetany from 
mgm. 10.8 mgm. | 10.6 mgm. | 10.0 mgm. May 30-June 

3. Recov- 
ered 
August 6 6.5 (8.5)* | 8.5 Tetany Au- 
gust 8. Bled. 
Complete re- 
covery 
* Animal developed violent tetany. Bleeding raised the serum Ca to 8.5 mgm. 
within a few hours; no further tetany after strontium administered. 


removal. We have repeatedly observed operated dogs kept free from 
tetany by strontium, and with normal blood calcium, develop violent 
tetany accompanied by greatly diminished amounts of calcium in the 
serum, following cessation of the strontium treatment. Once the animals 
develop tetany, however, it is very difficult to cure them by strontium 
administration. The serum calcium remains low and is only slightly 
increased by strontium feeding. Table 2 shows the striking effect of 
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of the normal level of the serum calcium of parathyroid- 
lto7 mgm. per 100 cc. 
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Tetany symptoms became manifest when the Ca fe 
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strontium in delaying the onset of tetany symptoms in operated animals, 
and table 3 shows the effect of the salt in maintaining the normal level of 
the serum calcium. 

Table 2 shows in unmistakable manner that operated dogs receiving 
strontium may go for ten days or two weeks without developing tetany 
symptoms, whereas untreated dogs invariably show violent tetany within 
three or four days or even within twelve hours after parathyroid removal. 
Operated animals free from symptoms also show a normal blood calcium 
level (table 3 and figure 1). When tetany becomes manifest, however, 
the serum calcium is always low. This fact indicates that strontium some- 
how prevents loss of calcium from the blood and tissues and assists in 
maintaining the normal level of this salt in the blood. Figure 1 shows the 
effect of strontium administration upon the level of the serum calcium 
of parathyroidectomized dogs. 

We have repeatedly observed that dogs which developed tetany can 
be brought back to normal within a few days by continuous treatment with 
strontium and feeding one pint of milk per day. If the milk alone is given 
and no strontium, the animal soon dies, and if the strontium alone is given, 
say with meat or the diet employed by us, it is very difficult to save the 
animal or to raise the level of the serum calcium. These observations made 
it evident that something in the milk aided the animals to recover when 
given strontium. Salvesen (1923) has clearly shown that this something 
in milk is calcium, for if large quantities of milk are fed to parathyroidec- 
tomized dogs the animals can be kept alive for long periods. In our ani- 
mals which recovered completely from tetany on a milk (limited amount) 
and strontium diet, the strontium evidently decreased the permeability 
of the gut to Ca excretion so that whatever entered the body as food was 
retained and utilized. 

We observed that coincident with the abatement of tetany symptoms 
and a return to normal of our milk and strontium-fed dogs, the calcium 
level of the serum rose to normal, i.e., from about 6.5 mgm. per 100 ce. 
to about 10.5 mgm. 

One of the most crucial bits of evidence that oral administration of 
strontium prevents tetany by inhibiting calcium excretion is shown by 
the following experiment. We had previously noted (Swingle and Wen- 
ner, 1925) that bleeding an animal in tetany promptly relieves the symp- 
toms which completely disappear for several hours. The abatement of 
the symptoms coincides with a marked rise in the level of the serum cal- 
cium which follows withdrawal of blood. This rise is temporary and the 
serum calcium soon falls again to the tetany level when manifest symptoms 
return. However, we have several dogs in which we were able to maintain 
the high calcium level of the blood induced by bleeding, by administering 
strontium after the peak of the rise had been attained. By continuing 
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the strontium treatment the serum calcium did not fall but was kept at 
the new level and from which it slowly rose to normal. Figure 2 shows 
the effect of bleeding upon the level of the serum calcium of a tetany dog, 
and the maintenance of the new level by strontium administration. The 
protocol of the animal is given below. 

The cause of the cure effected in this case is not far to seek. The stron- 
tium simply decreased the permeability of the gut so that the new high 
level of the calcium in the circulatory fluids of the body was not lost by 
excretion. If the strontium is discontinued the serum calcium sinks to 
the tetany level and the animal dies. 

We believe that any substance which serves to decrease the permeability 
of the gut to calcium excretion will prevent or cure tetania parathyropriva. 
There is probably a considerable number of such substances. Recent 
observations we have made, indicate that magnesium lactate acts in the 
manner indicated, and it seems likely that both lactose and galactose, and 
continuous intravenous injections of Ringer’s solution act similarly. The 
marked effect of a meat diet in hastening the onset of tetany in operated 
animals has been noted by many observers and variously explained. We 
believe that the meat diet leads to great increase in intestinal putrefaction 
(shown to be the case by Dragstedt, 1923), and it is probable that several 
of the end products of bacterial decomposition of protein promote the 
onset of tetany by increasing the permeability of the gut to calcium ex- 


cretion. We have observed that dogs kept free from tetany by strontium, 
very quickly develop violent symptoms if constipated. This is also true 
for dogs on a lactose diet, and even those receiving daily amounts of cal- 
cium. Constipation, like a meat diet, predisposes a parathyroidectomized 
dog to tetany. This fact has been clearly recognized by other workers 
(Luckhardt and Rosenbloom, 1922; Dragstedt and Peacock, 1923). 


Protocol, Dog 12. Adult male, weight 4 kilos. Operated August 6; no strontium 
given. August 8, violent attack of tetany at 3:30 p.m. Bled from the heart at 4:15 
p.m., 100 cc. of bloodtaken. SerumCa6.5mgm. At6p.m. tetany had abated some. 
At 7:15 p.m. dog quiet except for five tremors of flank and shoulder muscles. 9 p.m., 
dog quiet; no tetany symptoms. Bled again at 9 p.m.; 35 ce. blood withdrawn. 
Serum Ca8.5mgm. Animal given 200 cc. of a 5 per cent solution strontium lactate 
at 9:30 p.m. August 9-October 16, dog normal. Strontium discontinued August 28. 
August 28, meat substituted for the casein diet. Serum Ca August 10, 8.5 mgm.; 
August 18, Ca 11 mgm.; August 27, Ca 11 mgm. 


Besides its preventive action on tetany by decreasing the permeability of 
the gut to calcium excretion, strontium exerts a direct ameliorative action 
upon tetany. Violent symptoms can be promptly controlled by either 
intravenous or oral administration of strontium salts. The strontium 
apparently numbs the motor nerves, so that a much greater stimulus is 
required to induce the neuromuscular symptoms. Like calcium, it has a 
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sedative effect upon the nervous system, and its action in relieving the 
alarming symptoms is of this nature, rather than by any power on the part 
of the organism to substitute this salt for calcium, although the latter 
possibility cannot be ruled out. 

Voegtlin and MacCallum (1909) demonstrated that strontium acts 
like calcium in lowering the electrical excitability of the motor nerves, 
but that the effects were not quite so marked. However, one cannot 
cure tetany by drugging an animal, for despite the absence of manifest 
symptoms, the dog still suffers from loss of its parathyroids. This is shown 
by the continual loss of weight, depression and low blood calcium. Only 
by careful nursing and forced feeding is it possible to bring the animal back 
to normal, with a normal serum calcium level. 

Hence it appears probable that strontium exerts a twofold action in 
preventing and relieving tetany: 1, it prevents or delays the onset of 
tetany symptoms by decreasing the permeability of the gut to calcium 
excretion so that the level of the calcium in blood and tissues remains 
above the tetany level; and 2, it relieves the symptoms once they appear 
by its sedative action on the nervous system, so that a much greater 
stimulus is required to induce the neuro-muscular symptoms. 

It was previously mentioned that dogs kept free from tetany for several 
weeks could be taken off the strontium regime without developing symp- 
toms, and after the 50th day could take the ordinary diet of meat and 
bread. Previous to this time such a diet would induce fatal tetany. The 
animals are thus able to readjust themselves to the loss of their parathyroid 
glands after four or five week’s treatment, and are in all respects normal 
dogs. This is a curious fact and one not easily explained. Other investi- 
gators who have worked on tetany prevention have made similar observa- 
tions but with the exception of Dragstedt and Peacock (1923) have offered 
no comments. Thus Luckhardt and Rosenbloom (1922) observed that 
completely parathyroidectomized dogs can be kept alive indefinitely by 
daily intravenous injections of large quantities of Ringer’s solution. They 
remark that after four or five weeks of such treatment the-injections can be 
discontinued and the animals remain normal even though fed meat daily. 

Dragstedt and Peacock (1923) state that dogs kept free from tetany for 
five or six weeks by a lactose diet can be given a meat diet at the end of 
this time and remain normal. 

There are two possibilities to account for such readjustment: 1. It is 
possible that small accessory parathyroid glands, or bits of tissue, may be 
present in dogs which are unable immediately to take over the function 
of the main mass of parathyroid tissue removed at operation, but which are 
able to function adequately after the animal has been tided over the first 
few critical weeks. 2. It is possible that some other organ has taken over 
the function of the missing glands and is acting vicariously for them. 
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Dragstedt particularly favors this view and suggests that the liver may be 
involved. 

The evidence is quite clear that parathyroidectomized dogs can be per- 
manently cured if kept alive for four to six weeks by various experimental 
procedures. The results of continuous intravenous injections of Ringer’s 
solution, special diets containing lactose and galactose and strontium all 
give identical results. But the mechanism of such readjustment to para- 
thyroid loss is not clear. It is our opinion that the majority of dogs, in 
common with several other mammals, e.g., man and the cat, possess minute 
particles of parathyroid tissue scattered throughout the throat region and 
especially in and about the upper portion of the thoracic thymus. We 
have not been successful in finding any such accessory tissue at autopsy, 
but anyone at all familiar with accessory parathryoids will realize the 
improbability of identifying such tissue by macroscopic examination. Very 
small particles of parathyroid tissue are sufficient to keep a dog alive and 
free from tetany. One of the writers (W. F.W.) in a series of autoplastic 
transplantation experiments (unpublished) has demonstrated that one- 
half of a single parathyroid gland is ample to maintain a dog in a normal 
healthy condition. A piece of tissue of the size mentioned is entirely too 
small to be readily detected at necropsy—no matter how carefully 
conducted. 

We have sectioned large portions of the thymus of dogs surviving para- 
thyroidectomy after prolonged treatment, but have not found accessory 
glands. Nevertheless, despite the negative findings it is our belief that 
permanent cures of parathyroidectomized dogs after a return to a meat diet, 
and with a serum calcium level of 10.5, can only mean the presence of 
functional accessory parathyroid tissue somewhere in the body. 

In the course of an extensive investigation of the parathyroid apparatus 
of cats (Nicholas and Swingle, 1924-25) the senior writer (W. W. 8.) 
had opportunity to observe the efficient functioning of accessory para- 
thyroids. These structures are quite common in cats. In fact, 35 per 
cent of these animals have them. They are capable of functioning for the 
entire parathyroid apparatus when the latter is absent. Marine (1913) 
states that his data indicate that 5 to 6 per cent of dogs have accessory 
parathyroid glands. During the past two years we have operated on more 
than seventy dogs and have noted but two animals that failed to develop 
tetany following complete removal of the thyroparathyroid apparatus. 

The onset of tetany in dogs is sudden and violent, and the animal quickly 
succumbs before the accessory tissue present has time to take over the 
function of the removed glands. However, it seems probable that by 
tiding the animal over the first few critical weeks any such accessory 
tissue has time to hypertrophy and function adequately. At least three 
weeks are required before accessory parathryoid tissue can function suffi- 
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ciently to keep the dog normal. We have observed several animals receiy 

ing strontium, which remained free from symptoms for eighteen or twenty 
days after operation, suddenly develop violent tetany. The protocol of 
dog 3 is of interest in this connection. 


SUMMARY 


1. Tetany in dogs can be prevented from developing, can be relieved 


or even cured by continuous oral administration of strontium lactate. 


2. The strontium acts in two ways: 1, by decreasing the permeability 
of the gut to calcium excretion so that the normal level of this salt is main- 
tained in the blood and tissues; and 2, by a sedative effect upon the nervous 
system whereby the excitability of the motor nerves is greatly diminished. 

3. Thyroparathyroidectomized dogs kept free from tetany by strontium 
for about 40 days readjust themselves to the loss of their parathyroids 
and permanently recover. 

4. Several suggestions as to the mechanism involved in such readjust- 
ment are offered in the text. 
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It has long been known that many animal tissues contain a substance 
which, when injected into the blood stream of the mammal, produces a 
lowering of blood pressure. Oliver and Schafer (1895) showed that ex- 
tracts of spleen had a depressor effect on arterial tension. Schafer and 
Vincent (1899) found that extracts of the infundibular portion of the 
pituitary contained a depressor substance. Bayliss and Starling (1902) 
described a similar substance in the mucous membrane of the intestine 
which was quite distinct from secretin. Others have also found depressor 
elements in extracts from the testis, pancreas, ovary, lung, thyroid, thymus 
and suprarenal. 

Vincent and Sheen (1903) made saline and protein extracts of liver and 
noticed a distinct fall in blood pressure following the injection of these 
extracts. They also worked with extractive portions of muscular tissue, 


kidney, spleen and intestine and observed a depressor action from these 
substances. They concluded that ‘‘possibly all animal tissues contain 
different substances which when injected into the circulation produce 
respectively either a rise or fall of blood pressure.’”” The depression and 
rise in blood pressure were considered to be caused by vasodilatation 


and vasoconstriction, respectively, of various vascular areas in the body, 
but their results failed to show that there was any specific effect on the 
tissue from which the extract was obtained. Popielski (1909) described 
a substance obtained from the thymus, stomach, brain and pancreas which 
had a marked lowering action on blood pressure. This substance was 
termed “‘vasodilatin.”’ 

Abel and Kubota (1919), from observations on the depressor effects of 
extracts obtained from various sources, including the liver, concluded 
that the substance which was responsible for the depressor action was 
histamine. Roger (1922) obtained fractions from liver extracts some of 
which has a depressor action while others had a contrary effect. Levin 
(1922) noticed among other effects, reductions of blood pressure, in three 
diabetic patients following hypodermic injections of dried liver tissue 
extracts. 
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James and Laughton (1925) working with liver extracts showed that 
they had a marked lowering effect on artificially induced hypertension as 
well as a marked depressor action on normal arterial tension. Macdonald 
(1925) reported the clinical results of liver extracts in cases of hypertension 
and observed the effect of intravenous injection of these preparations 
into thirty-three patients. Some of these patients showed reactions which 
closely resembled protein shock; but all showed a decrease in blood 
pressure. 

Major (1925) with subcutaneous, intramuscular and intravenous injec- 
tion of hepatic extracts in cases of hypertension obtained in thirty-six 
out of forty-two patients a marked decrease in the blood pressure. 

The following paper is a continuation of the work, a preliminary report 
of which was given by James and Laughton (1925). 

METHODS OF PREPARATION. Several different methods have been used 
and a brief description is given here of the general principles of isolation. 

The liver mash in Ringer-Locke solution is frozen thoroughly and 
thawed. The proteins are removed after preliminary filtration by the use 
of normal lead acetate or alcohol up to 85 per cent. This step is followed 
by precipitation from the lead or alcohol free filtrate with phosphotungstic 
acid in the usual manner. This precipitate removes the active principle 
from solution along with other basic material while the soluble phospho- 
tungstates retain, among other things, a pressor substance of unknown 
constitution. 

The solution of basic material following decomposition of the insoluble 
phosphotungstates is concentrated to a small bulk. This portion contains 
a very active antipressor substance which can now be extracted from 
aqueous solution by ether, using appropriate means. 

The ether soluble portion following removal of the ether is redissolved 


in saline. This is found to be a very active antipressor material whose 
action is both powerful and sustained and which seems to be in a fairly 
pure state and free from protein. 

Similar preparations have been made by treating the evaporated saline 


extract with alcohol up to approximately 85 per cent, to remove the pro- 
teins. The alcohol soluble portion can then be extracted to remove the 
antipressor substance. 

The chemical features of separation are being improved and further 
details will appear in a later paper. 

PHYSIOLOGICAL METHODs. The effects of the extract obtained as indi- 
cated briefly above, were studied on healthy adult rabbits. The blood 
pressure was recorded by the direct method from the carotid artery, 
kymographic records being obtained throughout the experiments. The 
extracts were introduced into the blood stream by a cannula inserted into 


394 A. A. JAMES, N. B. LAUGHTON AND A. B. MACALLUM 


the external jugular vein. Both urethane and ether were used as 
anesthetics. 

In the earlier experiments the effects of the preparations on artificially 
induced hypertension were studied. The normal blood pressure was 
noted on the tracing, then 1 cc. of 1 in 10,000 epinephrin was given intra- 
venously and the pressor effect recorded. After the effect passed off and 
normal was reached, the dosage of epinephrin was repeated and at the 
summit of the resulting increase 1 to 2 ce. of the hepatic extract was 
injected. The effects of mixtures of the extract and epinephrin on the 
blood pressure were also studied. 

In addition to epinephrin other substances were used to produce hyper- 
tension. The effects of the extract on blood pressure following a rise 
obtained through the use of pituitrin and the two pressor bases isoamyl- 
amine and parahydroxyphenylethylamine were also observed. 

In the more recent studies, while attempting to isolate more definitely 


Fig."1. Effect of an intravenous injection, on the blood pressure of the rabbit, of 
1 cc. of hepatic extract with 1 cc. of 1:10,000 adrenalin solution. Arrow indicates 


time of injection. 


the active principle, experiments were performed on normal rabbits in 
order to test the potency, and studies were also made concerning its effects 
on normal blood pressure in rabbits anesthetized with urethane or ether. 

Resutts. 1. Effects of liver extracts on artificially induced hyper- 
tension. Immediately following an intravenous injection of 1 cc. of 1 in 
10,000 epinephrin, 1 to 2 cc. of liver extract were injected intravenously. 
The effect was immediate; the blood pressure falling rapidly until the 
normal or subnormal level was reached. The fall occurred in one-tenth 
of the time usually required for the hypertension induced by adrenalin to 
reach normal. 

When the hepatic extract and 1 cc. of epinephrin (1 in 10,000) were mixed 
in the proportion of 1:1 the blood pressure showed a slight rise but rapidly 
returned to normal. The rate at which the blood pressure returned to 
normal depended directly on the strength of the hepatic extract used 
(fig. 1). 

When pituirin, isoamylamine, and parahydroxyphenylethylamine were 
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used to induce the hypertensions, the effects of the liver extracts were very 
similar to those described when epinephrin was used. If, following an 
injection of one of these substances, a small dose of the extract was injected 
immediately, the blood pressure rapidly returned to the normal or sub- 
normal level. If 1 ec. of a solution of appropriate strength of the above 
mentioned substances were each mixed with equal volumes of the hepatic 
extracts and injected intravenously, there was a slight increase in the 
blood pressure which lasted a very short time, returning immediately to 
the normal or subnormal level. 

2. Effects of liver extracts on normal blood pressure in rabbits. Records 
of the normal blood pressure in rabbits anesthetized with urethane, 
following the intravenous injection of small amounts of liver extracts 
showed a marked depressor action. When the extract was injected in 
small doses there was an immediate and marked fall of the blood pressure. 
The depression was prolonged. Following the initial fall the pressure, 
however, gradually increased at first, then became constant at a reduced 
level, never returning to the normal during the experiment, which lasted 
several hours (fig. 2). 

The normal blood pressure of the animal in the experiment (fig. 2) was 
76mm.Hg. It was possible with one “‘dose’’ of the liver extract to keep 
the blood pressure practically constant at about 56 mm. Hg. Larger 
doses of the extract reduced the blood pressure as low as 15 to 20 mm. Hg 
but if the pressure was maintained at a level lower than 50 mm. Hg for 
long, the animals died. 

Intravenous injections of the liver extracts into the ear of a rabbit gave 
very striking results. If the dose was small the animal became lethargic, 
respiration slowed, and a blanching of the nose and ears was observed. 
Large doses of the extract, administered by the same method, killed the 
animal in about 2 minutes without convulsions. At autopsy the heart, 
lungs and kidneys were quite normal. The vascular system in the vis- 
ceral areas was markedly congested with blood. 

Discussion. It is evident from the results reported here that the liver 
contains some substance which has a depressor action on blood pressure. 
It is probable that this substance is specific for the liver but results 
reported by others show that there are depressor agents present in many 
animal tissues. The authors also observed that extracts of spleen and 
kidney made by the same method as the liver extract had a very slight 
depressor action but the depression was not so marked and was not so pro- 
longed as with the liver extracts. 

The clinical application of liver extracts in cases of essential hypertension 
has been given by Macdonald (1925) and by Major (1925). It would 
appear, from their results, that the depressor substance obtained from the 
liver has a marked effect in lowering the hypertension and further work 
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Fig. 2. Effect of a dose of 3 cc. of hepatic extract on the normal blood pressure of 
arabbit. Tracing has been cut serially. 


396 A. A. JAMES, N, 
BP 
SICNAL 
~ 
BP 
SIGNAL 
Time 
BASE 
SIGNAL 
TIME 
~ 


CONTROL OF BLOOD PRESSURE WITH HEPATIC EXTRA 


which is in progress here and elsewhere will no doubt lead to some valu 
findings. 

Although it is somewhat premature as yet to discuss the chemistry of the 
compound we feel sure in stating that it is not histamine or choline. The 
active material is obtainable only from very fresh liver. If the liver be not 
fresh before the process of extraction is begun no antipressor substance of 
the type described is obtainable by our method. Histamine or choline 
would be expected in increasing quantities as the tissue disintegrated. The 
physiological action of this substance appears to be much different from 
that of histamine or choline, in several ways. Control curves with hista- 
mine and choline are not similar to the curves obtained from the liver 
extracts, nor is the depression evident over long periods of time. While 
histamine is known to cause vasodilatation and sometimes cause paradoxi- 
cal rises or fallsof the blood pressure, this hepatic extract gives constant re- 
sults in different animals in that there is a marked fall in blood pressure. 
Furthermore, a superficial vasoconstriction is observed. Nochemical 
evidence of the presence of histamine has been obtained to date. 

Although not able to weigh successfully the amount of active material 
present, owing to inactive substances which we have not yet eliminated, 
it has been fairly definitely shown that the extract is many times as potent 
as choline, and the effect is much more prolonged. 

As to the exact chemical nature of this compound, further work is in 
progress. For the present it may be stated that the extracts used in this 
work do not give the biuret reaction. 


SUMMARY 


1. Extracts of liver effectually reduce the hypertension induced by 
certain pressor substances in rabbits. 
2. Extracts of liver reduce normal blood pressure in rabbits to a low 


level (about 50 mm. Hg) where it is maintained over long periods of time. 


3. Extracts of liver in large doses reduce the blood pressure to its lowest 
level and death ensues. 

4. The active depressor substance in the liver extracts is not histamine 
or choline. Its effects on blood pressure differ markedly from those 
obtained by injection of those substances. 

5. Chemical tests for histamine and choline are negative. 

6. The active depressor substance is ether soluble. 


r 


7. The liver extracts do not give the biuret reaction. 


We wish to express our appreciation to Dr. F. R. Miller for his helpful 
criticism and suggestions throughout this work. 
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THE PHYSIOLOGICAL ACTION OF DARKNESS, DAYLIGHT 
AND OF CARBON ARC RADIATION 


I. THe Errects OF DARKNESS ON METABOLISM IN THE DoG 
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From the Department of Physiology, Yale University, New Haven, Connectic 
teceived for publication October 6, 1925 


Despite the fact that from time immemorial we find a universal belief 
in the beneficial action of sunlight, observation and experiment have sug- 
gested the possibility that higher mammals and man can live in darkness 
for a relatively long period of time without serious impairment of any of 
their functions. It is repeatedly stated in textbooks of physiology that 
light increases metabolism and yet the remark made by Aschoff (1908) 
that this statement is hardly supported by experimental data still holds 
true. 

The founding of the Light Institute at Copenhagen by Finsen in 1896 
marked the beginning of the systematic, although still empiric, study of the 
biological action of radiant energy. Much progress has since been made in 
heliotherapy especially in correcting and alleviating pathological condi- 
tions in tuberculosis, while the demonstration by Rackzynski (1912) that 
sunlight stimulates the deposition of calcium and phosphorus has resulted 
in many enlightening studies on the curative action of sunlight in rickets 
and related deficiencies. Until quite recently, however, relatively little 
has been done on the action of radiation on the metabolism of the normal 
adult animal and the effects of darkness have been neglected almost en- 
tirely. 

Kjellman and Holmgren (Jesionek, 1912, pp. 211, 371) writing of the 
Swedish expeditions to the North Pole in 1872 and 1883 respectively, re- 
ported that after the long arctic winter the faces of the men were pale 


and yellow. Psychical disturbances, dyspepsia and other abnormalities 
were also evident but these findings are all complicated by the cold ex- 
perienced by the men. Blessing (1897), moreover, who acted as physician 
aboard the Fram on Nansen’s expedition in 1899, could find no evidence of 
anemia or other abnormal conditions amongst the men. Grober and 


1 Part of the data here reported are taken from the dissertation presented to the 
Faculty of the Graduate School of Yale University in candidacy for the Degree of 
Doctor of Philosophy by H. 8. Mayerson, June, 1925. 
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Sempell (1919) examined 22 horses confined in mines for periods of from 
5 to 10 years and found only a slight increase in red cells accompanied by 
a decrease in hemoglobin, the leucocytes showing no change. Other studies 
as to the effect of darkness on blood have given conflicting results, as will be 
brought out in a later publication. 

Bidder and Schmidt (1852) found that the loss in weight in a starving 
young cat was greater in light than in darkness. Fubini (1876) also found 
that young cats grew faster in darkness than in light, but Hammond (1873 
found evidence of the opposite. Borissow (1900) using dogs and rabbits 
reported that animals grown in light weighed at the end of a month more 
than those grown in darkness, and concluded that light acts as an excitant 
for the organism so that tissue change goes on more rapidly but at the 
same time the nutritive materials are fixed with more facility. Most of 
these experiments, however, were carried out in covered cages and the 
possibility exists that light entered during feeding and weighing of the 
animals, 

Graffenberger (1893) compared the metabolism of rabbits in light and 
partial darkness. In 40 days the animals in the dark gained more than 
those in the light. There was no marked change in the nitrogen balance 
over a period of 17 days. Glycogen formation was not affected but the 
animals in the light showed a better utilization of fat. The author con- 
cludes that the chief effect of darkness is a lowering of the carbon metab- 
olism leading to the formation and deposition of more fat. These experi- 
ments are again complicated by the fact that the darkness was only 
relative, the “dark’’ animals being placed in a corner of a room shut off by 
acurtain. Furthermore the analyses were carried on for only a short time 
and since it is conceivable that the action of darkness on certain phases of 
metabolism may be a gradual one, as well asthat some of the effects observed 
during a short period of darkness may be compensated for and new levels 
established during a longer one, the results here given can not be regarded 
as conclusive. Degkwitz (1924) placed young dogs in the dark and by 
giving them vigorous daily exercise reared them free from rickets. Histo- 
logic examination of bones and organs showed no pathological conditions. 
The dogs in the dark weighed more at the end of the experiment than 
those in the light. Examination of the organs and tissues showed distinct 
impoverishment in calcium, phosphorus, sodium and magnesium, and an 
increase in potassium. The nitrogen retention in the dark animals was 
lower, especially in those animals fed on a protein rich diet. Since the 
dark animals seemed to be in as good condition at the end of the experiment 
as the light controls, the author thinks that the mechanism is one of adap- 
tation. Hess, Steenbock, Park and Powers and their co-workers as well as 
numerous other investigators have unquestionably shown that sunlight 
will stimulate deficient calcium and phosphorus retention. Vitamin, 
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however, plays such an important part in the metabolism of the growing 
animal that it is extremely difficult to rule out this factor and ascribe the 
results solely to radiant energy. Maynard, Goldberg and Miller (1925) 
recently demonstrated that the ash content of swine exposed to sunlight 
in spring was greater and that there was no leg stiffness as contrasted with 
a second series exposed during the winter. Hess and Lundagen (1922) 
demonstrated a seasonal tide in blood phosphates in the infant with a low 
level in March, while Grant and Gates (1925) have recently shown a 
corresponding tide in the blood calcium in normal rabbits, higher calcium 
levels in March and December being accompanied by lower blood phos- 
phorus levels. 

Our main problem is the analysis of the effects of radiation on the normal 
animal. It seems logical to hope that these can be more adequately 
interpreted if the effects of darkness are also investigated. Accordingly 
studies have been begun of the physiological action of darkness and carbon 
are radiation on the metabolism of normal adult dogs. The present 
paper will deal only with the metabolic changes observed to occur during 
and following exclusion of light. In later contributions the effect on other 
functions, such as blood cells, blood gases, the circulatory system, growth, 
etc., will be discussed. 

Experimental. The following general plan was adopted in all the experi- 
ments. The animals on being brought into the laboratory were placed in 
large metabolism cages, given a purgative and starved for a day. They 
were then placed on a standard maintenance diet and analyses begun. 
The weight of the animals was followed daily and the diet readjusted if 
necessary until the calorie intake was sufficient to maintain weight. This 
preliminary period allowed the dogs to become accustomed to the sur- 
roundings and food. When urine and feces analyses showed the animals to 
be in a constant nitrogen equilibrium, the experimental period was begun. 
In addition to urine and feces determinations, the blood was also analyzed 
for the same constituents in order to be able to present as complete a pic- 
ture of the metabolism as possible. On changing the environment, 
analyses were continued until the constituents tended toward or had 
reached their normal levels. 

The room in which the cages were kept was well ventilated and lighted, 
having a southeastern exposure. Temperature as read by a maximum 
and minimum thermometer registered a seasonal maximum variation of 
6°C., while wet and dry bulb readings showed the humidity to be suffi- 
ciently constant. The cages were cleaned daily to prevent contamination 
of the urine by feces and hair. Female dogs were used throughout and 
24-hour urine samples, obtained by catheterization, were diluted to constant 
volume and immediately analyzed in duplicate. When this was impos- 
sible, the samples were covered with toluene and kept in the refrigerator. 
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Due precautions were taken against infection during catheterization. 
Feces were collected as soon as possible after voiding, dried in air, ground, 
and preserved in air-tight containers. Three day samples marked with 
carmine were usually used in analyses. Blood samples were drawn under 
oil from the femoral artery in the manner outlined by Myers (1924), 
using potassium oxalate as the anticoagulant. Two successive samples 
were drawn at the same time, one for making a protein-free filtrate, the 
other without oxalate for determining Ca and P in serum. This was 
easily affected with one puncture by changing the collecting tubes of the 
apparatus. The total amount drawn at one time averaged about 20 ce. 
The animals were always fed at the same hour, the food being carefully 
weighed. Water was given ad libitum. 

Standard diet used. Much of the work on the metabolism of the dog in 
the past has been handicapped by the fact that no adequate synthetic 
diet had been devised which could be fed over long periods of time without 
loss of appetite. This difficulty has been obviated by the use of the diet 
recommended by Cowgill (1923) and used successfully by him in experi- 
ments lasting over a year and a half. The diet is made up of isolated food- 
stuffs which when fed in conjunction with vitamin B supplies everything 
necessary for the proper nutrition of the body. The composition of the 
diets and the amounts fed will be found in the descriptions of each experi- 
ment. Vitamin B was furnished in special tablets containing 50 mgm. of 
yeast vitamin (Harris) and 50 mgm. of inert starch. The tablets were fed 
separately from the food. With one exception all of our animals enjoyed 
excellent appetites throughout the experimental periods. 

Methods of analysis. Standard methods used in urine determinations 
were those of Folin for total acidity, Kjeldahl for total nitrogen, urease for 
urea, Folin for creatine, Folin and Benedict for creatinine, Benedict and 
Osterberg for sugar, uranium acetate titration for phosphates, and 
Volhard and Harvey for chlorides, modified for dog’s urine by boiling with 
nitric acid before precipitating. The method of Kramer and Tisdall was 
used for calcium in urine, feces and food, aliquot samples being ashed in 
platinum by the Stolte method, controlling the acidity with methyl red 
as suggested by Shohl (1922). Feces and food nitrogen were done by the 
Kjeldahl method. Specimens of food and dried stool were ashed with 
nitric and sulphuric acids and phosphorus determined by the molybdic 
acid method. The Folin-Wu tungstic acid system was used for blood 
nitrogen and sugar determinations. Serum calcium was done as described 
by Tisdall, and serum phosphorus by Benedict’s method described by 
Myers (1924). 

To obtain the effects of darkness, the same room in which the animals 
had passed the preliminary period was made absolutely light proof. This 
was done in preference to moving the cages to another dark room in order 
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to maintain environmental conditions as constant as possible. The 
animals were weighed on balances in the same room. Feeding, washing 
of cages, and taking of samples were done with the aid of a 15 watt ruby 
lamp aided by a small flash light when such proved necessary. Extreme 
precautions were taken to guard the animals as much as was possible from 
even this amount of light. 

When the dark period was over, the shutters were removed and light 
allowed to enter the room. In this way the animals passed through the 
preliminary, experimental and post-experimental periods under identical 
conditions of environment, radiant energy being the only variable. 

Experiment 1. Two female dogs designated as M and G were used. 
Dog M was a full grown adult weighing 17.2 K while dog G was about a 
year old, weighing 12.8 K. After allowing a period for adjustment to 
food and surroundings, analyses were begun on December 8, 1923. The 
diet (diet I) furnished 80 calories per kilo body weight as shown below. 


CALORIES PER CENT 


19.4 
28.6 
32.0 


Total 80.0 


36.05 


41.10 
20.40 


3.44 


100.00 


* 13.1 per cent N, 80 per cent pure. Kilo unit contains 0.8 gram N; 1 gram con- 
tains 4.59 calories. 


Dog M thus received a total nitrogen intake of 13.6 grams, while dog G 
received 10.16 grams nitrogen. Since we had no reason for suspecting 
changes in any particular constituent, it was thought best to determine as 
many as possible with the intention of confining ourselves in later experi- 
ments to those which showed the most inieresting and outstanding effects. 

On December 15 the room was darkened as described above. The ani- 
mals although agitated for the first few days as evidenced by incessant 
barking, soon quieted down and seemed happy, consuming all their food 
regularly. No analyses were carried on during the period of December 18 
to January 12. On January 21 the shades were removed and light was 
again admitted to the room. Once more the animals gave evidence of 
excitement but again soon quieted down. Analyses were continued until 
January 31. The dark period thus lasted 37 days. 

Tables 1 and 2 show the results of the analyses during the preliminary 
light period, the dark period, and the subsequent light period. As will be 
seen, all constituents in both urine and blood were at definite levels during 
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the preliminary period. On placing the animals in the dark, immediate 
effects are evident, especially in dog M. Throughout the experiments it 
will be seen that the urinary changes in dog G are later in appearing and of 
smaller magnitude than in dog M. Since no analyses were made in the 
period between December 18 and January 12, it is possible that the rises in 
urinary nitrogen observed on the latter date in dog G had appeared earlier. 
This is strongly indicated by the fact that the changes in the blood are 
immediate. In the urine, volume and specific gravity remain at the same 
levels, but total acidity is definitely increased. Total nitrogen in the urine 
is doubled in dog M with a corresponding latent rise in dog G, urea running 
almost parallel to total nitrogen in both dogs. Creatinine shows no definite 
change in level, but creatine rises. Phosphates and chlorides also increase 
in both dogs. All the values are at normal levels at the end of the dark 
period. 

In the blood we find an increase in non-protein nitrogen in dog M with 
a correspondingly large increase in dog G similar to that observed in the 
total nitrogen of the urine. Urea runs parallel to non-protein nitrogen. 
Creatinine shows no change in level but again creatine is higher. Uric 
acid and blood sugar show no change. Too few determinations of Ca and 
P in the blood were made to be indicative. The blood values were also 
tending to normal levels at the end of the dark period. 

On removing the shades and readmitting light similar changes, but 
greater in magnitude, were observed. Thus in the vrine the volume 
and specific gravity remain constant, but the acidity 1.. dog M is almost 
doubled while dog G shows a rise of about 40 per cent. Again it will be 
noticed that the changes in dog G come on more slowly and are not as great 
asindog M. Urinary nitrogen is three times as high in dog M, dog G also 
shows a marked rise. Urea again runs practically parallel to total nitro- 
gen. Creatinine shows no change, but once more creatine rises gradually, 
returning to normal. Phosphates also rise. Chlorides were not deter- 
mined in dog M; they showed no change in dog G. This lack of effect 
may be due to the fact that they were at a high level at the end of the dark 
period. 

In the blood, non-protein nitrogen is doubled in dog M with a smaller 
increase in dog G. Urea follows non-protein nitrogen. Uric acid and 
creatinine show no change, but creatine rises markedly and remains high. 
In both cases blood sugar increases over the dark levels. All of the con- 
stituents in urine and blood were tending toward normal levels when 
analyses were discontinued. 

The rise in urine and blood nitrogen can be accounted for in a large 
measure by the increase in urea. Since the amount of urea is an index of 
endogenous protein metabolism, the evidence suggests that this is increased 
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by the exclusion of light and by its readmission. This conclusion is 
strengthened by the observed rise in creatine, phosphates and chlorides. 
There is evidence that men and animals excrete more urea and chlorides 
under ordinary daylight conditions than when kept in darkness. Cleaves 
(1904) and von Hoogenhuize and Best (1918) found that intense radiation 
increased urine creatine. We should hesitate to say that this increase in 
metabolism is due to a specific effect of light since the change consequent 
to the exclusion and readmission of light is proportionately the same and 
subsides so quickly. Since the animals were markedly agitated on the 
days when the increases were observed, the possibility exists that much of 
the effect was psychic. This will be discussed in greater detail later. 

Experiment 2. In the preceding experiment although both dogs showed 
changes in the constituents of blood and urine during the transition periods 
there was no marked change in levels during the stay in the dark, the 
values showing a tendency to remain, or revert to, normal. The question 
was raised as to whether the deprivation of light had been of long enouth 
duration to produce a marked effect on the animals. Accordingly the 
same dogs were again subjected to darkness on February 25 following a 
preliminary analysis period. The quantities of the constituents in the 
diet were slightly modified so that it had a lower calorie value, furnishing 
70.6 cal. per kilo body weight, the nitrogen intake remaining the same. 

Similar conditions obtained as in experiment 1. The determination of 
ammonia and pH of urine and blood was added, the former being done by 
aeration, the latter electrometrically. No determinations were made 
between May 22 and October 14, the animals, however, remaining in the 
dark, being fed daily and weighed at intervals. Upon the resumption of 
analyses the determinations were cut down to total nitrogen, calcium and 
phosphorus in the urine, and non-protein nitrogen, calcium, phosphorus, 
and sugar in the blood, since the changes in the other constituents did not 
appear significant enough to warrant further determination during this 
“exploratory” period. Determinations of nitrogen, calcium and phosphate 
in the feces were added to furnish an index of the balance of these con- 
stituents. It has been shown that solar and are lamp radiation affect 
the mode of excretion and change the blood levels of Ca and P and it was 
inferred that darkness might have some effect on these constituents. 

The experiment was unavoidably complicated by both dogs passing 
through a period of heat in the month of March. While the values during 
this period are listed in the protocols, they will not be included in the dis- 
cussion of the results, although they are very interesting, especially a 
marked rise in blood P. 

The dogs again showed some excitement following the exclusion of 
light, but not as great as in experiment 1 and of shorter duration. They 
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ate all the food offered, seemed lively, and showed no subjective symptoms 
of being affected by the constant darkness. Detailed protocols have been 
omitted. Tables 3 and 4 show the outstanding changes. 

The changes in the urine during the period immediately after light is 
excluded are similar to those observed in experiment 1. Volume and 
TABLE 3 
Effect of darkness and of light on metabolism (experiment 2 
Dog M 


URINE (24 HOUR SAMPLE BLOOD 


Non- 
P.O; | protein Ca Sugar 


| 
DATE (1924) WEIGHT 
| Total 


mgm. mgm mgm. mgm. 
K grams gram grams per per ’ per 
100 ec 100 00 cc. | 100 ce. 


February vets | 19.2 | 8.62 | 0.052 | 1.01 | 36.4 107 
February :‘ 9.6 | 9.69 | 0.051 | 1.33 | 34.4 | 10.6 | - 118 
February 9.31 | 0.046 | 1.34 | 39.4 | 12.3 : 112 


Dark period beginning February 25 after catheterization 


February 26 9.6 | 9.49 | 0.041 | 1.01 | 50.0) 
February 29... | 041 99 | ¢ 11 
March 5...... 15 042 39.2 | 
March 13.... 5.24 039 5 | 11. 
March 29 9.¢ 30 044 

May 8 9.83 046 

may 22...... 9. | 0.050 

October 14 a 5.3 | 8.79 052 

October 25... 3.79 .010 

November 7.... 


Dog very sick. Light period beginning November 11 


November 12 sees ) 4.93 | 0.013 | 0.28 | 38 
53 0.024 | 0.35 | 29.3 | 11.1 
November 21...... 5.81 0.017 | 0.33 | 31.4 
November 28...... >.6 | 6.68 | 0.025 36 

December 4 5.49 | 0.023 | 0.34 | 26.7] 9.7 
27.0 | 10.3 
December 16... 3.4 0.047 | 0.42 10.9 


‘ 


specific gravity do not change while total acidity in both dogs shows a rise 
on the first day of the dark period, returning to normal on the second day. 
There was no definite change in pH. Nitrogen increased in dog G about 
50 per cent, with no evident change in dog M, perhaps because the level in 
the preliminary light period was already high. The nitrogen level in dog 
M soon dropped to below normal and remained very constant. The level 


N N 
4.2 107 
ae 106 
3 14.3 106 
4.0 112 
4.1 111 
) | 3.0 97 
4.5 107 
4.6 156 
> 13.9 94 

107 
102 
3.0 94 
9.1 66 

6.3 
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in dog G also dropped lower, more like the previous normal value, and 
remained constant through the early part of the dark period. Urea and 
ammonia ran parallel to the total nitrogen, confirming the impression that 
the effect concerns the entire nitrogen partition and is not due to a rise in 
percentage of any one constituent. Creatinine remained normal, while 
creatine showed a higher average in the dark. Phosphates did not show 
any marked change. Ca fell slightly early in the period, the levels rising 
to normal in a few days. Sugar at first remained at its normal level, but 
gradually decreased in both dogs. 
4 
Effect of darkness and of light on metabolis 


Dog G 


URINE (24 HOUR SAMPLE 


Total 


February 14 6.36 | 0.006 | 0.96. | 8.0 
February 16................| 14.2 | 5.15 | 0.030 | 0.93 | 30.6 | 11.1 
February 25 24.0 15.60 | 6.028 | 1.02 | 36.8 10.4 


Dark period beginning February 25 after catheterization 


February 36 | 0.019 | 1.18 | 39.7] 9. 
February 18 | 0.026 | 1.08 
February 29...... 3 | 5.77 | 0.031 | 0.92 
March 5.... peace 5.62 0.043 | 0.90 
March 15..... ). 56 044 | 0.88 
April 4.. 9 | 5.53 045 | 0.93 
April 30 9 | 5.70 030 | 0.99 
May 15 acc 5.92 039 | 1.17 
32 047 
October 16....... 5.4 00 028 | 0.39 


Dog sick on October 25, died November 1. 


In the blood the pH also failed to show any decisive change. ‘The non- 
protein nitrogen increased as in experiment 1, returning to normal in a 
short time. For some inexplicable reason dog G shows a markedly high 
nitrogen level during the latter half of the dark period. Urea follows non- 
protein nitrogen, while the remaining constituents show no clear changes. 
The effects above described include the period up to May 22. 

On October 14 when analyses were resumed, both dogs had reached new 
levels in most of the constituents under consideration. Nitrogen metabo- 
lism in both dogs had increased, dog G being in slight negative equilibrium. 
Urinary calcium and phosphates decreased markedly. Feces determina- 


n 
DATE (1924 N EIGHT Non 
PO proteir P Sugar 
N N 
K nym mgm mgm mor 
3.3 112 
+. 1 112 
1.4 120 

31 5.8 110 
1 | 4.8 110 

5.1 
4.3 106 
t | 3.2 104 
112 
112 
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tions made on dog M showed a positive calcium balance of 0.37 gram and 
a positive phosphate balance of 3 grams. Blood non-protein nitrogen had 
decreased to below normal in dog M, to about normal in dog G. Sugar was 
approximately normal. 

On October 25 dog G showed signs of weakness and a distinctly patho- 
logical condition. ‘There was a marked dyspnea and the thorax was great- 
ly distended. Milk was added to the diet, but the condition of the animal 
became steadily worse. On November 1 the dog was found dead in its 
cage. The autopsy showed that the cause of death was septicemia, the 
origin being an infected puncture wound in the femoral artery. 

On November 6 dog M also gave evidence of an abnormal condition, 
the outstanding objective sign of which was marked weakness in the hind 
legs, these being unable to support the weight of the animal. The rectal 
temperature was high, 39.1°C., as compared to the average normal value 
of 38.4°. Blood pressure (determined by the Kolls apparatus), pulse 
rate and respiration were within normal limits. An examination of the 
eyes showed nothing pathological. The condition rapidly grew worse 
until on November 10 the animal could not stand, did not recognize 
anyone, and refused to eat. The dog remained in a comatose condition 
throughout the day. 

It was then decided to terminate the dark period in order to see whether 
light would have a beneficial influence on the condition of the animal. 
The shades were removed that evening and the next day, November 11, 
being warm, the window glass was raised, the cage moved as close as pos- 
sible to the open window and flooded with direct sunlight. There was a 
marked improvement. The afternoon of the same day the animal became 
much livelier, made feeble attempts to stand when called, drank some milk, 
as well as a great deal of water, and passed a large volume of dark colored 
alkaline urine showing traces of albumin. On the next day, November 12, 
the dog was able to stand on its hind legs, ate well and was strikingly im- 
proved. On November 14 the urine volume and color had returned to 
normal and the dog seemed to have recovered its normal bearing. Ten 
days later, November 21, the dog had so far recovered as to be able to jump 
out of the metabolism cage unaided. Its weight had increased half a kilo. 

Upon the termination of the dark period despite the condition of the 
animal there was again a rise in nitrogen similar to that observed in 
experiment 1. Urinary nitrogen was almost double on November 17, 
decreasing to the level obtaining in the dark period. Calcium and phos- 
phates both rose gradually and on December 16 the former had reached 
its normal level. Blood non-protein nitrogen showed the same increase 
observed previously, falling to a slightly lower than normal level. Blood 
sugar remained low. 

The profound influence of light on blood P is strikingly shown by the 
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rise of over 300 per cent in the three weeks following the termination 
of the dark period even though the dog had been exposed to direct sun- 
light for only one day and had passed the remainder of the time in 
roomlight. This rise receded to normal on December 16. There are 
evidences of a distinct balance between the Ca and P of the blood; thus on 
December 4 when Ca was low, P was abnormally high; while on December 
16, the increase in Ca was accompanied by a corresponding decrease in P. 


A similar balance was found in the experiments on are lamp irradiation to 
be described later. 

The changes in the nitrogen in urine and blood confirm those of experi- 
ment 1, suggesting an increase in metabolism. The smaller increases may 
be attributed to the fact that the animals had already passed through a 
similar period and perhaps had acquired a tolerance for the lack of light. 

From an analysis of the blood and urine values, we can hardly conclude 
that darkness per se has any marked specific effect on metabolism. The 
weight of dog G increased slightly during the dark period, that of dog M 
remained at a constant level until the pathological condition developed. 
The loss of weight following may have been due to this condition and not 
to a direct effect of darkness. There is, however, the evidence in the case 
of dog M, and probably in dog G, that a prolonged stay in the dark lowers 
the resistance of the animal. 

Degkwitz (1924) found lower calcium and phosphorus values in the 
organs and bones of young dogs kept in the dark, a condition similar to that 
obtaining in rickets. Microscopic examination, however, failed to show 
the pathological conditions characteristic of this disease. Although the 
dark animals did not develop rickets, the author maintains that either 
because of a disturbance which prevents the increase in calcium and phos- 
phorus or an increased demand for the constituents, there is an impoverish- 
ment of these salts and the dark animals are much more susceptible to 
rickets than are the light controls. 

Although we realize that the experiment is perhaps complicated by 
lack of exercise, yet we feel that the case of dog M is suggestive, if not con- 
clusive, indication that light exerts a stimulating effect on the organism. 
There was no change in the amount of exercise or in the diet (except for the 
milk fed on one day) in the period when the dog was removed to light, yet 
the recovery was phenomenal. Furthermore, although the animal was 
kept in room light under identical conditions for more than two months 
after the experiment was concluded, there was no reversion to the weakened 
condition of the dark period. It is well known that dogs are very resistant 
to infection, and in the case of dog G it is very probable that under usual 
conditions of light, the infection would have been overcome by the natural 
resistance of the animal. The problem, however, needs further investiga- 
tion before definite conclusions can be drawn. 
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TABLE 5 
Effect of darkness and of light on metabolism (experiment 3) 


Dog H 


URINE FECES 


BLOOD 
(24 HOUR SAMPLE 3 DAY SAMPLE) ‘ 


DATE (1925) 


WEIGHT 


| Non-protein N 


| mgm mgm. | mgm.| mgm 
|}grams| gram | gram ram | grams| grams per per per per 
100 ec. | 100 cc.| 100 cc.| 100 ce. 


January 15.........] 6.48'0.028\0.491 20.4; 9.2 | 98.5 
January 20.........| 10.4 | 6.67\0.0540.414 28.5) 12.3} 5.3/123.0 
January 25 | 6.76,0.047/0.423 0.602 1.499 1.168 

January 


a 


| 6.08/0.061'0.399 28.5) § 88.3 
January 28.........| 11.6 | 6.67/0.045/0.452,0. 


Dark period beginning January 28 after catheterization 


January 2! 0.416 44.3) 12 
January 7 .66\0.052 0.477 

January 31......... 0.060 0.386 41. 
February 2........ ).43.0.055 0.395 32. 
February 4......... 

February 5......... 7.310.063 0.407 30 
February 7......... .14'0.053 0.432 0.396 0.939 0.755 
February 9......... ».99 0.0450. 389 26 
February 11.. 

February 5.650.055 0.383 

February 16 3.97 0.0560. 423 

February 18........ 1.115 0.547 
February ‘ 5.01 0.028'0. 373 

February 2: ).04.0.028.0. 362 

February 25........ ».60 0.033 9.3360. 390)1.410 0.662) 5.9 115.0 


Dark period ending February 25 


February 26........ ). 66,0.047/0. 363 
February 27 32. 5.0/119.0 
.13'0.047/0.412 33. 5.7) 94.4 
March 3 . 36/0. 048/0. 384! 

March 4 .02/0.041'0.405 33.5] 13.3) 5.6'143.0 
March 5 .18}0.035/0.429 

March 6 . 25}0.039)0.430) 

March 7 030.030 0.3530. 409|1.685 0.753 

5.720.051 0.425 2.¢ 119.9 


Nn 


> 
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TABLE 6 
Effect of darkness and of light on metabolism (¢ rperime 
Dog J 


URINE (24 HOUR FECES (3 DAY 
SAMPLE SAMPLE 


N 


iHT 


Non-protein 


jram jram gram 1 gram 


Janu: 5.45.0.027:0.198 

Janus 5.10 0.017,0. 263 

January 2: 4.080.015 0.218 0. 352)1.245,0.5 
January 25... 3.270.012.0.188 

January 27....... 3.92 0.009 0.160 

Janu: | 4.740.011 0. 182'0.246 1.031 0.415 


Dark period beginning January 28 after catheterization 


January 29... ; 5.32.0.016.0.190 23.6 9 
January 30..... 2. 69'0.028 0.156 

January 3.400.021 0.184 24.3) 
February 3.53 0.173 

February 3.89/0.025,0. 120 2: 
7... 3.74.0.0300. 142 

February 83 0.034.0.175.0.368 1.677 0.650 

February 4.41,0.042:0. 265 

February 1: 5.54.0.0460. 255 

February 16.... 5.29'0.030'0. 293 

February 7-18 | 4.79/0.029)0. 35. 
February :‘ .64.0.032)0.310 

February 23........ 4.19.0.030.0. 253 

February 25........| 7 810.031 0.2800.315 1.336,0.441 26.: 


Dark period ending February 25 
February 26........ 5.14.0.034.0.270 
February 27...... 5.28 0.033.0.325 
February 28........| 7.06 .77:0.032'0. 300 
March 2.. .7110.028 0.293 
March . 22'0.030/0. 245 
March 5.. .57/0.02510. 248 
March 7 .03 
March 9 | 3.63'0.026.0. 248 


$13 

- 
) 24.6 11.9 
24.9 10.65 4.7114.5 
24.3} 10.5) 3.5) 

25.0) 11.6) 5.1 

11.6) 92.7 
» 3.4101.0 
2.5)110.5 
10.1 |113.5 
=§.3)107.1 
6.2.123.0 
37.3) 11.6 48105 5 
$2.2} 11.0) 4.7)119.1 
29.0 5.3/125.0 
34.5) 10.7; 5.6133.9 
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Experiment 3. In the interval! between the last experiment and this one, 
irradiation of dogs with a carbon are had shown definite and interesting 
changes in the nitrogen, calcium and phosphorus in urine, feces and 
blood. It was therefore deemed advisable to repeat experiment 1, that 
is a short period of darkness, on two new dogs, keeping an accurate record 
of the balances of each of these constituents. We sought to determine a, 
whether absence of light had an inhibiting effect on the metabolism of these 
constituents; b, whether the return to light after a period of darkness pro- 
duces a similar or more profound change than that observed in the irradia- 
tion experiments reported in the next paper. 

Two adult dogs, H and J, were used. Dog J was a small short-haired 
terrier weighing 7.0 K; while dog H was a long-haired animal weighing 
8.85 K. Both dogs were placed on the standard diet and allowed to go 


TABLE 7 
Record of average daily nitrogen balance in dog H (experiment 3) 


TOTAL N rota N | N 
IN URINE | IN FECES | EXCRETION 


TOTAL N 


ALAN 
INTAKE 


DATE (1925) 


grams grams 


| 
| 
| 
| 


January 15 to 28 


Dark period beginning January 28 


January 29 to February 7 | 0.396 | 7.474 +0.316 
February 9 to 18.. 8 | 0.315 7.155 7 +0.635 
February 20 to 25 22 | 0.390 6.610 7 +1.180 


Dark period ending February 25 


February 26 to March 7 7.12 | 0.409 | 7.529 | 7.79 | +0.261 


through the usual preliminary period. The procedure was similar to that 
of the previous experiments. After urine and feces determinations 
showed nitrogen equilibrium, analyses were made to determine the normal 
levels. On January 28 the room was darkened and the animals allowed to 
remain in the dark until February 25, a total of 28 days, when the shades 
were removed and light again admitted. The results are given in tables 
5 and 6. 

Both dogs show the characteristic rise in urinary nitrogen on being placed 
in the dark. This is followed by a temporary fall which gives way to a 
secondary increase and a gradual return to normal levels. This is reflected 
in the record for the average daily nitrogen balances which decrease during 
the first part of the dark period, rising to normal at the end of the period. 
On readmission of roomlight, there is again an increase in urinary nitrogen 
and a decrease in the balance which is recovered from at the end of the 


| 
grams | gram | grams 
7.79 | +0.688 
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experiment in dog J, but remains low in dog H. The record of the nitro- 
gen balance is given below (table 7). 

Blood non-protein nitrogen in dog H again shows the rise observed in 
the previous experiments, returning to normal at the end of the dark period, 
rising again during the subsequent light period and remaining so until 
the end of the experiment. Dog J did not show this rise on being placed 
in the dark, although she shows the secondary rise observed in dog H 
during the dark period and shows a marked rise on readmission of light, 
the values remaining high until the end of the experiment. The rises in 
non-protein nitrogen in both dogs come at the same time as the increased 
excretion in urine and feces. The results of this experiment strengthen 
our previous conviction that not only does the change from darkness to 
light serve as a stimulus to increased endogenous protein metabolism, but 
that the same is true of the change from light to darkness. 


TABLE 8 


Record of average daily calcium balance in dog H (experiment 3 


TOTAL PER TOTAL PER TOTAL | sonar 

CaO CENT CaO | CaO 
IN IN IN IN EXCRE- “ 

NTAKE 

URINE | URINE| FECES | Feces | TION | 


DATE (1925) 


gram grams grams grams grams 


January 15 to 0.4 1.483 99.6 | 1.488 3.413}+1.925 


Dark period beginning January 28 


January 29 to February 7 0.0057) 0. 0.939) 99.3 | 0 945 3 413 +2.468 
February 9 to 18 0.0052 DS | 1.115) 99.5 | 1.120) 3.413)4+1.293 
February 20 to 25 0.0029) 1.410 99.2 | 1.413) 3.413 +2.000 


Dark period ending February 25 


February 26 to March 7 0 0042) 0.2 1.685) 99.8 | 1.689| 3.413) 41.72: 


The calcium balance of dog H (table 8) shows an increase at the begin- 
ning of the dark period followed by a marked fall and return to normal at 
the end of the period. The increased positive balance is accompanied 
by an increased per cent of calcium in the urine relative to the feces, a 
fact which would lead to the conclusion that the retention is due to in- 
creased absorption from the intestine. This phenomenon is discussed in 
detail in the succeeding paper where experiments on carbon are irradiation 
gave similar results. The positive balance in dog J decreases immediately, 
rising again to normal during the second week of darkness. The changes 
in partition observed in dog H are not evident. The balances of both 
dogs decrease slightly on readmittance of roomlight. 

The phosphate excretion shows no definite change. The positive balance 


“4 
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in dog H (table 9) increases throughout the dark period, falling slightly on 
readmittance of roomlight, while dog J shows a lower balance during the 
first week of darkness followed by a gradual increase to normal at the 
end of the experiment. Attention is again called to the fact that, as in the 
case of calcium, this phosphorus retention in both dogs is accompanied by 
an increase in the urine relative to the feces, indicating, as we have pointed 
out above, that we are concerned with an increased intestinal absorption of 
both calcium and phosphorus. 

Blood Ca and P do not behave as in the previous experiment. In 
experiment 2 we found that in dog M the calcium remained at a normal 
level throughout and decreased only in the subsequent light period when 
the animal was sick. Dog G showed a drop in Ca which was recovered 
from at the end of the dark period. This was accompanied by no change in 


TABLE 9 
Record of average daily phosphate balance in dog H (experiment 3) 


| TOTAL | PER | TOTAL | PER | TOTAL 
P20s | cent | P2Os | cENT 
IN IN IN IN “arise 
URINE | URINE| FECES | FECES 


DATE (1925) BALANCE 


gram grams grams grams grams 


January 15 to 28 1.523, 2.84 |+1.317 


Dark period beginning January ‘ 


January 29 to February 7... .422) 35 0.755) 64.1 | 1.177) 2.84 |+1.663 
February 9 to 1S8..... 4: 0.547, 57.6 | 0.949, 2.84 |+1.891 
February 20 to 25....... 0.356) 35 0. 662) 65.0 | 1.018 2.84 |41.722 


Dark period ending February 25 


February 26 to March 7 0.398) 34.7 | 0.753, 65.3 | 1.151) 2.84 |+1.689 


P in dog M until the subsequent light period, while dog G showed slight 
evidences of a rise. : 

In this experiment, however, we find a marked rise in P in both dogs on 
placing them in the dark, figure 1. This is followed by a decrease to an 
abnormally low level, a rise again to over double the normal value in the 
middle of the dark period, and a decrease to a little above normal at the 
end of the dark period. Readmittance of light shows the P at a normal 
level. Ca decreases in dog J on the first day in darkness, and there is no 
change in dog H. On subsequent analyses we find an increase in Ca in both 


Fig. 1. The effects of short periods of darkness on blood Ca and P. The values for 
Ca are indicated by the symbol @, for P by x. The broken line denotes period of 


darkness. 
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TABLE 10 
Effect of darkness and of light on metabolism (experiment 4) 
Dog C 


DATE (1925) 


TOTAL N EXCRETED 
PER DAY 


WEIGHT 
TOTAL N IN URINE 
TOTAL N IN FECES 
BALANCE PER DAY* 


BLoop P 


0.49 


Dark period beginning June 8 after catheterization 


| 
| 


+0.66 
+0. 67 
+0.71 
+0.80 
+0.39 


06 | 
97 
.38 


+1.17 

+0.94 
June ‘ | 8. 8.45 |+0.67 
June 2: 11.80) 8.2 .92) 3.5 8 +0.47 
June 2: | 7.95 | 3.36 |+0.76 
June : | 8.04 | 0.41 | 12. .79 | 8.45 |+0.67 
June 2: | 8.07 | 8.62 |+0.50 
June 26 8.07 +0.50 


Dark period ending June 26 


June 

June 28 

June 26 

June 

July 1 | 11.90 7.84 | 0.55 
July 2.. 7.91 | 

July 3 8.16 

July 4 7.34 


| | mgm. | mgm. 
| K | grams} gram per | per | grams| grams 
| | | 100 cc. | 100 ce. 
| 11.96] 4.88 | 
| 8.04 | | | | 8.53 |+0.59 
| 7.67 | 12.68) 4.55 | 8.16 |+0.96 
| 7.15 | | 12.59) 4.43 | 7.64 |+1.48 
OER ES | 8.04 | | | | 8.53 |+0.59 
|7.79| 12.61) 4.76 | 8.28 |+0.84 
| 4.70 | 8.34 |-+0.78 
11.55} 4.09 | 8.45 
| 8 8.41 
7 11.14) 5.68 | 8.32 
0.35 | 12.71] 4.35 
| 12.17] 5.12 
11.48) 4.88 | 8.99 |+0.13 
8.76 |+0 36 
11.92) 3 86 
914 —0.02 
12.53] 3.54 | 8.39 |+0.73 
8.47 |+0.65 
11.22) 3.49 | 8.72 |+0.40 
7.90 |+1.22 
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TABLE 10—Concluded 
Dark period ending June 26—Continued 


DATE (1925) 


ER DAY 


roTaL N EXCRETED 
BALANCE PER DAY*® 


| TOTAL N IN URINE 
| TOTAL N IN FECES 


BLOOD Ca 
BLOOD P 


| WEIGHT 


mgm mgm 
grams gram per per grams 

July 2. 7.83 11.45) 3.86 | 8.39 |+0.73 
July 8.04 8.60 +0.52 
July | 93 11.83, 4.03 8.49 |+0.63 
July ¢ 8.42 +0.70 
July 11.83 
July 68 | 
July 13 2. 82 | 11.41) 3.27 


* Daily nitrogen intake = 9.12 grams. 


dogs, coincident with the high P level (February 9 in dog H, February 11 
in dog J). The increased retentions are borne out by the balances of these 
constituents, in the description of which it was remarked that the increase 
in the urine indicated an increased absorption. The changes are so 
similar to those observed in the radiation experiments reported later, that 
a detailed discussion of the results will be postponed until then. 

Experiment 4. In the endeavor to repeat the results obtained in the last 
experiment, an adult female dog C was placed under similar conditions 
and the same procedures of analysis followed. The animal was placed 
on the standard diet on May 13 and analyses begun May 27. Our atten- 
tion was directed only to the nitrogen balance and to the blood calcium 
and phosphorus, since these had shown the most outstanding changes. The 
room was darkened on the evening of June 8, and the animal allowed to 
remain in darkness until June 26, the shades being removed after specimens 
had been taken. Table 10 gives the results. 

The findings are similar to those of experiment 3. Urinary nitrogen 
rises gradually during the first part of the dark period to a peak on June 13, 
resulting in a decrease in the nitrogen balance. This is recovered from 
(except for the high urine value of June 22) and the balance is approximately 
normal at the end of the dark period. On readmittance of light, there is 
again the characteristic sharp rise in both urine and feces nitrogen, 
resulting in a marked decrease to a negative balance. There is a recovery 
to normal at the end of the experiment, feces nitrogen remaining high. 

Blood Ca and P behave in the same way as in experiment 3. The 
values for the preliminary roomlight period are remarkably constant. 


Fi 
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There is an initial drop in Ca accompanied by a rise in P (see dog J), 
a secondary rise in Ca and a simultaneous drop in P, and this is in turn fol- 
lowed by a rise in P and a drop in Ca. Both constituents are at a lower 
level at the end of the dark period. On the return to roomlight P rises as 
observed previously, decreasing immediately and giving way to a rise in Ca 
after which both constituents decrease to levels lower than at the beginning 
of the experiment. The balanced relationship, mentioned in all the previ- 
ous experiments and which will be discussed more fully in the succeeding 
paper, is very marked. 
SUMMARY 


Subjecting “normal” adult dogs on an adequate diet to short periods 
(18 to 28 days) of darkness acts as an initial stimulus to metabolism which 
usually decreases to normal by the end of the dark period. This is evi- 
denced by an increase in total acidity, an increased nitrogen and chloride 
excretion in the urine and a marked rise in blood phosphorus. The cal- 
cium and phosphorus balances indicate a retention. On readmittance of 
light, there is a second similar increase in metabolism which persists for a 
short time. 

A long stay (9 months) in darkness does not appreciably alter the chemi- 
cal composition of the urine or blood after the initial increase has subsided. 
The resistance of the animal, however, seems to be lowered. 
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The work of Finsen at the Light Institute in Copenhagen followed by 
the remarkable results of Rollier in the treatment of bone and joint tuber- 
culosis at Leysin have given impetus to the study of the therapeutic effects 
of radiant energy. The demonstrations by Rackzynski (1912) and by 
Huldschinsky (1919) that solar and artificial irradiation exert a strikingly 
curative action in rickets have been confirmed by many investigators, 
clinically as well as experimentally; while the pronounced relationship 
between radiant energy and vitamins has stimulated studies of the growth 
and development of various animals. A survey of the literature, however, 
reveals but few details with respect to the action of radiant energy on the 
metabolism of normal adult animals. If radiant energy exerts such a 
powerful stimulus to pathological and deficient metabolism, can it be 
assumed that it will raise an already positive “normal” metabolism to 
optimum? It seems to us that the correct interpretation of the findings in 
therapeutics can be made only after a fundamental study of the physio- 
logical action of radiant energy on the ‘‘normal”’ animal. 

A vast majority of the reports of the work dealing with the effects fol- 
lowing irradiation indicate no apparent knowledge of the quality and 
amount of energy concerned. Where attention is paid to the intensity of 
radiation it has most often been carried no further than to vary the amount 
of energy employed by the empiric method of varying the duration of 
exposure or of the distance away of the source of radiation. The energy 
emitted by various artificial sources varies not only in spectral distribution 
but also in intensity as to wavelength, so that comparisons of results ob- 


1 The data here reported are taken from the Dissertation presented to the Faculty 
of the Graduate School of Yale University in candidacy for the Degree of Doctor of 
Philosophy by H. 8. Mayerson, June, 1925. 

The radiometer and monochromatic illuminator referred to in this and the fourth 
article were paid for in part by a grant from the Elizabeth Thompson Science Fund. 
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tained with different sources can at best be only very general and super- 
ficial unless the total radiant energy as well as that of the various spectral 
parts is specified in absolute units. Furthermore, a fact apparently unap- 
preciated by many, the intensity of solar radiation is a very variable 
factor, changing momentarily, daily, seasonally and geographically. A 
rigorous comparison of results obtained with solar radiation by different 
investigators at different times and places is practically impossible, as is 
a comparison of results using the radiation from an artificial source on the 
one hand with that of the sun on the other, unless the energy is radio- 
metrically specified and, by preference, in absolute units. The source of 
radiant energy used by us, the Majestic carbon are lamp, has been photo- 
metrically and radiometrically studied, so that the spectral distribution of 
its energy is known. Attention will be called to this phase of the subject 
under the description of methods. 

The great amount of literature dealing with the effects of solar and 
artificial radiation precludes a systematic account of it in this paper. A 
number of reviews dealing with various aspects of the subject have ap- 
peared in recent years. Among these may be mentioned those of Jesionek 
(1912), Bernhard (1917), Pincussen (1921b), Mayer (1921), Clark (1922), 
Rollier (1923) and Hausmann (1923). In general, therefore, reference 
will be made here to only those papers which stand in intimate relationship 
to the division of the subject suggested in our title. 

Liebesny (1920) exposed 2 dogs to a quartz mercury vapor lamp for 
varying lengths of time (2 to 4 hours) at a distance of 60 em. One dog 
received a total irradiation of 33 hours, the other of 23 hours but with 
longer individual periods. The weights of the animals remained constant, 
but urinary nitrogen decreased and remained low for 9 days after irradia- 
tion was stopped. Sulphates and creatine decreased, rising gradually 
toward the normal level after irradiation had ceased. Longer exposures 
gave even more marked changes in the same direction. 

Koenigsfeld (1921) irradiated two patients and himself on a constant 
diet at a distance of 60 cm. from a large mercury vapor lamp (kiinstliche 
Hoéhensonne). In this lamp the mercury arc is supplemented by a circle 
of high powered incandescent lamps which increase the visible and infra 
red components so that the total energy is claimed to approximate that 
of the sun. He found that irradiation from 1 to 2 hours increased chloride, 
sulphate and phosphate elimination. Nitrogen elimination increased 
markedly, resulting in the change from a definitely positive to a negative 
balance. Most of the values tended to normal 3 days after irradiation was 
stopped. The findings are construed as a result of the stimulation of 
metabolism, an effect similar to that obtained by muscular exercise. 
Wiener (1924) repeated these experiments on men with the “‘Ultrasonne,”’ 
a carbon are lamp said to have an almost continuous spectrum 
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from 400 to 290 mu. His results confirmed those of Liebesny, a slightly 
negative nitrogen balance being turned to positive with exposures varying 
from 30 to 100 minutes. Sulphates showed no change, but phosphorus 
excretion decreased, indicating retention. The divergences in the results 
of these investigators can, as will be pointed out later, be ascribed in large 
measure to the differences in the sources and the dosages used by them. 

Orr, Magee and Henderson (1924) fed 2 pigs in semi-darkness on diets 
high in phosphorus and low in calcium. One pig was irradiated for one 
hour daily at 3 feet from a carbon lamp for 24 days. This animal showed 
an increased calcium and phosphorus absorption and retention. On a 
better balanced diet (P,O;:CaO = 1:1) Henderson (1925) found that he 
could not stimulate the already positive balance. These experiments are 
complicated by the fact that the control animal developed a pathological 
condition during the experiment. Furthermore it is a question as to 
whether the source of energy, a carbon are consuming 0.36 amp. at 45 
volts, furnished at any distance, much less at 3 feet, an intensity sufficient 
to produce marked changes, assuming that it is more difficult to stimulate 
an already positive balance than it would be to increase a negative one. 
Hart, Steenbock and Elvehjem (1924) investigated the effect of irradiation 
upon Ca and P equilibrium in mature lactating goats on negative Ca and 
P balances. The first animal was irradiated by a quartz mercury lamp 2 
feet distant for 10 minutes for a week, then 20 minutes for 6 more weeks. 
Although the intake was the same, there was a gradual reduction of the Ca 
content of the feces resulting in the negative Ca balance being changed to 
positive after the first week. Blood serum determinations at the end of the 
experiment showed a marked increase in P with no change in Ca. A 
second animal irradiated for 20 minute periods for 4 weeks gave similar 
results. A third non-lactating goat, irradiated for 3 weeks in 30 minute 
doses showed an increased P retention in the blood. In all the animals, P 
excretion was only slightly affected, there being in one case a slight rise 
in urinary P and a decrease in feces P. 

Moritz (1925) exposed serum of normal rabbits in vitro to a Cooper 
Hewitt quartz mercury vapor lamp operated at 220 volts and 4.5 amp. 
He also irradiated the animals at a distance of 70 em. for 2 and 3 hours and 
with intermittent doses of one hour for 6 days. He could find no effect on 
either the total serum Ca or on the diffusible Ca in vitro or in vivo. Lesne, 
Turpin and Zizine (1924), on the other hand, irradiated 3 fifteen-day old 
rats 15 minutes daily for 30 days with a quartz mercury vapor lamp with 
the result that the total Ca content of the irradiated animals appreciably 
increased over that of the controls. Howe and Medlar (1924) in a study 
of Ca and P content in blood of tubercular patients undergoing treatment 
with the Alpine quartz mercury vapor lamp found no evidence that irradia- 
tion has any effect on blood Ca and P if the concentration is within normal 
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limits before treatment. Rothman and Callenberg (1923) in a similar 
study, observed an almost invariable increase in serum Ca following 
irradiation, in one case persisting for 7 weeks after the last exposure. They 
used massive doses and the disagreement in the results with those of the 
previous investigators is to be ascribed to difference in dosage. 


Concerning a great deal of the work which has been done in this field it 
may generally be said that there is an absence of physical data pertaining 
to the spectral character of the radiant energy employed. Fewer contra- 
dictions and much less doubt would exist if experimenters gave more 
specific data pertaining to spectral limits and distribution of energy. 
Much more valuable information would be imparted if the source of radiant 
energy were fully described and the spectral limits specified than is done 
by attributing results to “ultra violet energy.’’ If a standard are such as 
an iron or carbon arc is used in heliotherapy or in experimental work such 
specifications as nature of source, distance from subject, and duration of 
exposure might be regarded as sufficient when the necessary elaborate and 
costly apparatus is not available for radiometric determinations in absolute 
units. But when the mercury arc is used these simple specifications are 
meaningless. Different lamps vary much in intensity and the spectral 
distribution of their energy output. With use they show deterioration, so 
that even when the energy input is kept constant, which is not usually the 
case, the energy output is increasingly inefficient particularly with refer- 
ence to the ultra violet component. In quantitative experimental work 
at least, the total energy as well as its spectral distribution should be as- 
certained radiometrically and given in absolute units. 

Experimental. For various reasons the carbon are was selected as the 
source of energy in our experiments. The particular type is that known 
as the ‘‘Majestic are” or ‘‘Solarlite’’ burning ‘‘white flame” carbons. This 
lamp operated at 25 to 30 amperes is claimed by the makers to emit radiant 
energy which is the closest approach to sunlight plus blue sky of any 
known illuminant. Its spectrum is a mass of lines crowded close together 
and confined chiefly to wave lengths longer than 300 mu. The are emits 
an enormous amount of radiation and is a powerful source of near ultra 
violet. It owes its spectral qualities largely to the rare earths impregnated 
in the electrodes. 

In order to check the wavelength distribution of the arc, spectrograms 
were made by means of a Hilger wavelength quartz spectrograph using 
Wratten panchromatic plates. The wavelength scale of the spectrograph 
was checked by photographing the line spectrum of a quartz mercury 
vapor lamp. We find that the spectrum extends into the far ultra violet, 
there being isolated but distinct lines as far as 218 my, with a particularly 
strong group near 250 mu, although most of the energy is at wave lengths 
longer than 290 mu. The total radiant energy and its percentage distribu- 
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tion in the ultra violet, visible, and infra red was determined with a radiom- 
eter consisting of a thermopile and galvanometer. The radiation sen- 
sitivity of the radiometer (thermopile and galvanometer) was determined in 
absolute units every time radiometric measurements of the carbon arc were 
made, by noting the size in centimeters of the galvanometer deflections 
when the thermopile was exposed to a standard of radiation. This was a 
Bureau of Standards carbon lamp, the radiation intensity of which per 
square centimeter when operated at a known amperage is certified. The 
current sensitivity of the galvanometer was necessarily also determined by 
noting its deflection when a current of known strength was sent through its 
coils. In this way, the sensitivity of the radiometer (thermopile and galva- 
nometer) being known as well as the current sensitivity of the galvanometer 
and the area of the sensitive surface of the thermopile, a galvanometer 
deflection of 1 em. can be computed in terms of energy incident per square 
centimeter of thermopile surface. Multiplying the observed galvanometer 
deflections when the thermopile was exposed to the carbon are and knowing 
its distance away, it is asimple matter to specify the intensity of the energy 
in gram calories incident at any distance from the lamp. 

It does not seem advisable to go here further into the details of this phase 
of our work, since we hope to publish them in full in another place. As an 
end result we find that at 40 cm. distance, the Majestic white flame carbon 
are operated at 25 amperes emits energy with an intensity of 1.5415 
10-* gm. cal. per sq. cm. per sec., or 0.924 gm. cal. per sq. cm. per min. 
This is comparable to the average seasonal solar radiation intensity in 
Washington for 3 hours at noonday of 1.2 gm. cal. per sq. em. per minute 
as given by Coblentz (1920). 

Screens were employed to give an approximate idea of the percentage 
value of the ultra violet, visible, and infra red. Noviol A of the Corning 
Glass Works which cuts off all wave lengths shorter than 417 my and a 
1 cm. water cell with quartz windows which absorbs all wave lengths longer 
than 1.4u were used. By this method, which is admittedly only approxi- 
mate, we find that the radiant energy emitted by the Majestic white flame 
carbon arc, operated at 25 amperes, corrections being made for general 
reflection and absorption by the screen and the cell, is distributed as fol- 
lows: 50 per cent is of wave lengths shorter than 417 my; 11 per cent is in the 
visible longer than 417 my and in the infra red as long as 1.44; and 39 per 
cent is infra red longer than 1.4u. Of the total energy of wave lengths 
less than 1.4y, 80 per cent is of wave lengths shorter than 417 my, i.e. ultra 
violet plus a little visible; and 20 per cent is of wave lengths longer than 
417 mu. 

The above figures are averages of numerous readings taken at different 
times. The Majestic lamp, like all carbon are lamps, fluctuates consider- 
ably, so that if we take an average of the highest galvanometric readings 
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we obtain a value for the total radiation intensity of 0.99 gm. cal. per sq. 
ecm. per minute in contrast to a similar average of the lowest readings, 
or 0.792 gm. cal. per sq. cm. per min. The ultra violet component in the 
former case is about 60 per cent of the total radiation, in the latter about 
45 percent. This, however, is as nothing, when compared to the variations 
in the percentage of ultra violet in solar radiation on account of dust, water 
vapor, clouds, etc. 

If the total radiation intensity of the Majestic are is compared with 
Coblentz’s (1918) average of solar radiation intensity for several days in 
Washington, the values will be found to be practically identical, 0.0154 
gm. cal. per sq. em. per sec. for the lamp, and 0.0155 for the sun. The 
energy distribution, however, is quite different; not more than 1 per cent 
of solar radiation is in the ultra violet, with about 60 per cent in the infra 
red and 40 per cent in the visible; while 50 per cent of the total radiant 
energy of the Majestic arc is at shorter wave lengths than 417 my. Since, 
in all of our experiments, the animals were placed 40 cm. from the lamp, 
it is evident that they were receiving a total amount of radiant energy 
equal to that of the sun in Washington with its variations caused by water 
vapor, clouds, dust, ete., averaged out. This, however, as indicated above, 
must not be interpreted to mean that the radiation from the Majestic 
are is qualitatively equivalent to that of sunlight. Allowing for fluctua- 
tions in the lamp, we may say that the animals received between 40 and 
50 times as much ultra violet per minute as they would have received if 
exposed to solar radiation of the same total radiation intensity. 

To supplement the approximate results obtained by using screens we 
are now making the tedious and time-consuming determinations of the 
distribution of energy in the total spectrum, dispersing the radiation from 
the lamp by means of a quartz ultra violet monochromatic illuminator and 
by a rock salt infra red spectrometer and measuring the energy in the 
narrow bands by the radiometer above referred to. 

General plan of experiments. The same procedure and methods of 
analysis were followed as in the previous paper. The animals were al- 
lowed a preliminary “‘accommodation’”’ period until urine and feces analyses 
showed nitrogen’equilibrium. Complete analyses of calcium, phosphorus, 
and nitrogen in the urine, feces, and blood were made for the week following 
to determine the normal levels. Hart, Steenbock and Elvehjem (1924) and 
Orr, Magee and Henderson (1924) have shown that radiation affects the 
calcium and phosphorus content and balance of animals on diets deficient 
in these constituents. More recently Grant and Gates (1925) have re- 
ported changes in blood calcium and phosphorus following irradiation of 
normal rabbits. By obtaining the balances between food and excreta and 
observing the concomitant changes in the blood, we hoped to throw more 
light on the effect of radiation on these constituents in normal animals. 
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The dogs were always catheterized at the same time of the day and 
irradiated immediately afterward. Blood was drawn either before or 
after irradiation as indicated in the experiment. Since we had no idea of 
the dosage necessary to produce a noticeable effect, the empirical unit of 
1 hour at 40 cm. from the lamp was used with the first dogs and varied as 


shown in the description of the experiments. The animals were placed on a 
table facing away from the lamp and the eyes protected by a black cloth. 
They became accustomed to the light after the first exposure and remained 


remarkably quiet, in many instances going to sleep, during the irradiation 
period. When not being irradiated the dogs were kept in room light under 
ordinary laboratory conditions. 

Experiment 1. Dog H, a long haired adult female weighing 8.85 Kk 
was placed on diet III (furnishing 70 cal. and 0.8 gram N per kilo body 
weight) on October 9,1924. Analyses of urine, feces, and blood were begun 
on October 14. From October 21 to 28 the animal was exposed daily at 
40 cm. for one hour (total 8 hours) to the radiant energy of the Majestic 
lamp, a total radiation intensity of 55.44 gm. cal. per sq. em. of the surface 
radiated. Blood was drawn immediately after irradiation. The results 
are listed in table 1. 

Urinary nitrogen rose steadily from the beginning until it reached a high 
peak on November 5, eight days after the last exposure. This was not 
due to decreased elimination in the feces, because feces nitrogen increased 
during the period. Both nitrogen values decreased to normal about 2 
weeks after irradiation was discontinued. Blood non-protein nitrogen 
shows no change. Table 2 gives the nitrogen balance for the preliminary 
irradiation, and post-irradiation periods. 

Urine analyses were omitted on some days and therefore the average 
balance per day is given. Because the most pronounced effects are evi- 
dent after irradiation, the post-irradiation period has been divided into two 
parts, the division being determined by the first feces analysis following the 
greatest rise. The animal was in positive equilibrium before irradiation. 
This balance decreased during the period until in post-irradiation period I 
we find the animal on a distinctly negative balance, which turns to positive 
in period II. Since the diet was constant the change must be due to stimu- 
lation of endogenous metabolism by the irradiation. 

Urinary calcium shows no definite increase during the irradiation period, 
but rises in post-irradiation period I, the level remaining high until Novem- 
ber 10 and then, along with urinary nitrogen, returning to normal. 
Feces calcium shows a marked drop during irradiation, remaining low for 
two weeks after the last exposure and returning to normal in period I. 
Table 3 shows the balance. 

The balance was positive throughout the experiment. During irradia- 
tion the balance increased almost 50 per cent, remaining high until the 
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third week after irradiation (period II) when it dropped, but still remained 
positive. This marked positive balance is due to the significant decrease in 
the amount excreted in the feces during the irradiation and first post- 
TABLE 1 
Effect of irradiation on metabolism (experiment 1) 


Dog H 


URINE FECES 


BLOOD 
(24 HOUR SAMPLE (3 DAY SAMPLE) , 


DATE (1924) WEIGHT 


Non-protein 


N 


mgm mgm mgm mgm 
grams jram gram gram grams gram | per 100 per 100 per 100 per 100 
ce 


October 14..... 5.26 0.0320.273 29.7 
October 15. 5.22:0.026.0.231 0.485 2.0340 861 
October 17..... 9. 5.45.0.033,.0.285 

October 18......... 5.220.034.0.261 0.455:2.3350.716 


Irradiation beginning October 21. Blood drawn after irradiation 


October 21......... 29.0! 12.3 4.: 
October 22......... .750.034'0.436 

October 2: 510.024 0.387 

October ).64.0.033 0.402 

October 27......... 7.000.027 0.419 

October 28 7.07 0.032 0.422'0.617 1.5050.824 34 


Irradiation ending October 28. Total 8 hours 


.11.0.033 0.455 
.382 0.035 0.449 
.75 0.034 0.441 
.70,0.029 0.456 
.90 0.048 0.460 
.91,0.031,0.426 
.19,0.037,0.503 
0.038 0.426 
.10'0.044:0. 396 
November 10.. .16,0.046.0. 391 0.462!1.612.0.808 
November ».60'0.027/0. 398 
November 16...... ).78,0.019/0. 376 
November 17.......| 9.7 ). 30/0. 026/0. 348 0.509 2.898.0.874 31.3 13.8) 3.5 | 114 


October ‘ 

October 

October 31. 
November 2........ 
November 3........ 
November 4 
November 5........ 
November 6 
November 7 


~ 


irradiation periods. Hart, Steenbock and Elvehjem (1924) found similar 
results on irradiating lactating and non-lactating goats with the quartz 
mercury vapor lamp. Orr, Holt et al (1924) observed a similar decrease 
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in feces calcium accompanied by an increase in the urine following irradia- 
tion of rachitic children with the mercury lamp. Orr, Magee and Hen- 
derson (1924) also noted that irradiation of pigs on poorly balanced diets 
with a carbon lamp increased urinary calcium actually and relatively in 


TABLE 2 


Record of average daily nitrogen balance in dog H (experiment 1 


| ToTAL N 
N | N | | TOTAL N 

IN URINE | IN FECES INTAKE 
TION 


grams gram grams grams 


October 14 to 18 5.65 0.470 6.12 +1.67 


Irradiated daily for 1 hour. Total 8 hours 


October 21 to 28....... 0.617 


Post-irradiation period I 
October 29 to November 13 7.39 0.462 


Post-irradiation period II 


November 14 to 17 , 5 0.509 


TABLE 3 
Record of average daily CaO balance in dog H (experiment 1 


TOTAL PER TOTAL PER "Cao | TOTAL 


DATE (1924 CaO IN IN| CaO IN|cCENT IN CaO 
ATE ( I aO IN|CENT IN! py 


URINE URINE FECES FECES . |INTAKE 
TION 


gram grams grams grams 
0.031) 1.50 | 2.185) 98.50) 2. 3.413) +1.197 


Irradiated daily for 1 hour. Total 8 hours 


October 21 to 2........... 0.030 2.00 | 1.505) 98.00) 1.535 


Post-irradiation period I 
October 29 to November 3 ., 0.036; 2.20 | 1.612) 97.80) 1.648 


Post-irradiation period II 


0.23 | 0.74 | 2.898) 99.26, 3.118 3.413) +0 


comparison with its excretion in the feces. Our results seem all the more 
significant since the diet contained liberal amounts of calcium and the 
animal was always on a positive balance. 

Urinary phosphorus increased immediately and remained high until the 


| 
a 7.41 7.79 | +0.38 
7.05. 7.79 | +0.74 
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end of the experiment, reaching its peak on November 5 along with nitro- 
gen. Feces phosphorus rose slightly during the irradiation and remained 
at the same level throughout. The-balance is given in table 4. 

The balance is positive throughout, decreasing somewhat upon irradia- 
tion, but remaining at the same level to the end of the experiment. The 
percentage relationships between urine and feces, however, show a marked 
change. The irradiation increases not only the actual amount but also 
the percentage ratio of urine to feces phosphate. Thus in period II when 
the level shows a tendency towards normal, we find the percentage of urine 
phosphate decreased with a corresponding increase in the feces, although 
the total excretion is practically the same as during the irradiation and 
first post-irradiation periods. 


TABLE 4 


Record of average daily P20; balance in dog H (experiment 1) 


TOTAL PER TOTAL PER oo 


DATE (1924) P20; IN|cENT IN! P2Os IN|cENT IN| 205 BALANCE 
URINE | URINE | FECES FECES 


gram gram grams grams grams 


October 14 to 18 0.263) 24.6 | 0,999 75.4 | 1.071, 2.84 | +1.769 


Irradiated daily for 1 hour. Total 8 hours 


October 21 to 28 weeeeeeeeee| 0.413) 33.4 | 0.824) 66.6 | 1.237) 2.5 +1.603 


Post-irradiation period I 


October 29 to November 13.......| 0.434) 35.0 | 0.808) 65.0 | 1.242 


Post-irradiation period II 


November 14 to 17... ; 0.362) 29.0 | 0.874, 71.0 236 2.84 | +1.604 
Unfortunately the blood Ca values are incomplete because of errors in 
analysis, and the retention suggested by the urine and feces determinations 
can not be confirmed. Blood P, however, rises at the end of the irradiation 
period and remains so for about a week before returning to normal. 

Blood sugar gradually decreases and is still low at the end of the experi- 
ment. This is in agreement with the results of Pincussen (192la) and 
Rothman (1923) who found a decrease in blood sugar in man upon irradia- 
tion. 

Experiment 2. The same dog was used as in experiment 1. Blood was 
drawn immediately before each period of irradiation to ascertain whether 
the changes were temporary and due to the individual exposures, or 
whether they lasted for an appreciable length of time. It is a question 
as to whether irradiation sensitizes an animal so that repeated exposures 


TOTAL 
2.54 +1.598 
‘ 
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are more effective, or endows it with a tolerance so that longer exposures 


are necessary to produce the same effects. 
too few in number to be indicative in this direction. 


ment 2 are given in table 5. 
Urinary nitrogen gradually increased reaching its high value on the day 


after irradiation was stopped (November 26). 


DATE (1924 


November 11 
November 14 
November 18 


Irradiation beginning November 


November 19 
November 20 
November 21 
November 23 
November 24 
November 25 


November 26 
November 28 
November 29 


November 30.. 


December 2. 


December 3... 


December 6 


December 9..... 
December 16... 


creases. 


Effect of irradiation on metabolism 


W EIGHT 


Irradiation ending November 25. 
£ 


9.9 


10.6 


grams 


Our experiments are, however, 
The results of experi- 


Feces nitrogen also in- 


TABLE 5 


erperime? {2 


Dog H 


URINE 
(24 HOUR SAMPLE 


FECES 
3 DAY SAMPLE 


gram 


gram 


gram gram 


6.60 0.027 0.398 
6.78 0.019 0.376 0.462 1.612 0.808 
6.30 0.020 0.348 0.509 2.898 0.874 31.2 


6.67 0.0230 
6.43,0.027 0 
6.55.0.029.0 
6.69 0.0290 
6.860.033 0 
6.760.030 0 


7.08 8.0320 
6.43 0.0340 
6.62:0.039 0 
5.930 
6.440 
5.760 
6.150 
6.380 
6.120 


058 0 


035 0 
O18 0. 
0310 


18. Blood drawn before irradiation 


343 
448 
415 
393 
428 
418 0.559 2.1560.811 


30.9 


Total 8 hours 


415 
A415 
383 
0440.3 
418 
029 0.37 


377 0.361 1.818 0.707 
428 


355 


12.8 
11.0 


The average positive balance of 0.744 gram decreases to 0.571 


gram during the irradiation followed by an increase to 1.329 grams in the 
post-irradiation period. 
rise in urinary calcium following irradiation, accompanied by a fall in feces 


calcium. 


Calcium changes as in experiment 1. 


There is a 


Irradiation increased the amount in the urine actually and rela- 


= 
7 
| 
3.8 3.5 113.5 
34.5) 11.0; 3.1 93.3 
98.7 
11.7; 4.5 | 94.3 
| 
| 29.4) 13.7) 5.8 | 85.3 
3.2 
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tively. The balance remained positive throughout. Although urinary 
phosphates were still at a high level as a result of the preceding irradiation 
the changes are similar to those previously observed. The positive balance 
of 1.619 grams rises to 1.621 grams during the irradiation period and con- 
tinues to increase to 1.736 grams in the post-irradiation period. This in- 
crease is, as before, accompanied by an increased percentage excretion in 
the urine over that in the feces. 

The decrease in blood Ca during the irradiation period may be a read- 
justment following the somewhat high level obtaining before irradiation. 
The level is about normal at the end of the experiment. Blood P increases 
gradually after the irradiation period, then comes back to normal. The 
increase is by no means as marked as in experiment 1 (see table 1). 

Sugar again decreases. At the endof the experiment it is 40 mgm. lower 
per 100 cc. than at the beginning. It did not rise to the normal level until 
January 13, 1925, about 8 weeks after irradiation had ceased. 

Experiment 3. Since an exposure of 1 hour at 40 cm. produced definite 
changes in the metabolism the question arose as to whether or not an in- 
crease in dosage would lead to increased effects. A short, white haired 
dog, P, was used to minimize absorption by hair and pigment. The ex- 
posure was increased to 2 hours daily, making a total irradiation of 16 
hours. Each dose therefore had a radiant energy equivalent to 110.88 
gm. cal. per sq. cm. of surface exposed. The same diet III was fed, and 
urine and feces analyses begun on November 13. Irradiation started on 
December 4 and continued through December 11. Blood was drawn after 
each exposure. Table 6 shows the findings. 

On the day following the first irradiation, the dog showed marked loss 
of appetite, was lethargic and very nervous. To counteract the loss 
of appetite the dosage of vitamin B was doubled. Nevertheless, the 
animal continued to eat irregularly, consuming a total of little more 
than twice its daily allotment of food during the entire 8 days of 
irradiation. As an added check, it was fed diet IV of the same nitrogen 
and calorie value, in which meat extract was used in place of casein as the 
source of nitrogen. The failure to consume the daily allotment of food 
persisted, so that the loss of appetite must have been due to the irradiation, 
particularly so since the appetite returned about 3 days after the exposures 
were stopped, and the animal thereafter regularly consumed all its food. 

Because of the irregularities in nitrogen intake, the amounts excreted 
in the urine fluctuate a great deal, and the rises observed in the two pre- 
ceding experiments are not evident. Non-protein N of the blood, how- 
ever, shows a marked rise immediately after the first exposure. The 
value designated as of December 5 is so done, although the sample was 
drawn on December 4 after irradiation, because a change in the blood would 
be evident in the urine voided during the next 24 hours. All other values 
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are listed on the days drawn. ‘The rise persists with two rather large 
fluctuations, the first on December 6, during the irradiation period, the 
second on December 13, during the post-irradiation period. Although 
the nitrogen excretion in both urine and feces decreases during the irradia- 
tion period, the nitrogen intake is low so that the balance increases slightly 
TABLE 6 
Effect of irradiation on metabolism (experi 
Dog P 


URINE FECES 
»4 HOUR SAMPLE) 3 DAY SAMPLE 


DATE (1924) WEIGHT 


Non-protein 
N 


mym mgm 


grams ram gram gram |grams gram per 100 per 100 


ce 


November 15.......| 9.5 4.59 0.0150.285 

November 16 5.20 0.012.0. 232 0.3751.742 0.795 
November 19 5.820.013 0.269 

November 26...... 5.38 0.018 0.290 

November 29...... 4.200.022 0.234 

December 4.........| 8.7 5.49 0.017 0.306 0.239 1.3160.580 31.4 


Irradiation beginning December 4. Blood drawn after irradiation 


December 5... 4.450.021 0.183 3.3) 11.1 
December 6... 4.39 0.01810. 229 11.3 
December 7. 2.92:0.020'0.185 
December 8...... 3.68.0.016.0.219 
December 9...... 2.140.013.0.270 12.4 
December 10. 3.620.0160.255 
December 11 2.63 0.009 0.236 0.298 1.138 0.671 44.6, 11.0 


Irradiation ending December 11. Total 16 hours 


December 12....... 2.800.018 0.315 
December 13 53.0.012.0.198 
December 15 99:0.017.0. 202 
December 16... 83 0.028.0.249 : 100.0 


3 
3 
December 17 4.03 0.0200. 242 
4 


December 18 


.31 0.0230. 210 0.320)1.831 0.744 11.8 


from 0.353 gram to 0.450 gram instead of the decrease usually found. 
During the post-irradiation period, however, the balance increases to 1.185 
grams, a rise similar to that observed in experiments 1 and 2. 

Urinary calcium drops gradually, accompanied by lowered calcium in 
the feces. Both values rise to normal after the irradiation is discontinued. 


Z. Z. 

~ 5 5 = 7. 
r 10 
103.0 
93.0 
1.2) 93.9 
7.1) 87.6 

6.1 
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The slightly positive balance of the preliminary period, 0.129 gram, be- 
comes negative on irradiation (—0.109) even though the actual excretion 
is less, due to the fact that the average intake was decreased from 1.66 
grams to 1.032 grams. The balance decreases to —0.438 gram during 
the post-irradiation period, but is again accompanied by a lower intake 
than normal, 1.395 grams. These results are contrary to those obtained 
in the two previous experiments on dog H where irradiation increased the 
balance. The changes in the partition between urine and feces are not 
present. 

Urinary phosphates fall immediately after irradiation is begun and 
after fluctuating up and down, are still low at the end of the irradiation 
period. A high value is obtained the first day after the irradiation was 
stopped, followed by continued low values. Feces phosphate increases 
slightly. Again, as in the case of calcium, the balance although positive 
throughout decreases during the irradiation period from 0.343 gram to 
0.204 gram. Again we find that the daily intake decreases from 1.30 to 1.11 
which may partly account forthe lower balance during the irradiation period. 
The balance increases to 0.690 gram during the post-irradiation period. 

Blood Ca and P present a very interesting picture (fig. 1). Instead of 
remaining at a normal level or decreasing during irradiation as in experi- 
ment 1, there is a definite increase in Ca during irradiation, a return to 
normal on the last day, a second increase two days later, and a return to 
normal at the end of the experiment. Unfortunately no trustworthy P 
analyses were obtained during the pre-irradiation period, but from later 
analyses (see table 7) we estimate the level to be about 4.5 mgm. per 100 ce. 
of serum. Irradiation produces an immediate rise, followed by a drop to 
normal the next day, asinexperiment 1. This is succeeded by a consistent 
rise until a peak is reached on December 13, two days after cessation of 
irradiation as in experiment 1. In experiment 2 the peak was reached 
about a week later. The phosphorus then drops to its normal level, having 
increased altogether by about 300 per cent. 

In general, however, the relationship between the two constituents is 
the same as in experiment 2, the curves running more or less parallel, 
although the change in phosphorus is proportionately greater than that in 
calcium. Since the dosage in this experiment was equal to the sum of the 
dosages in experiments 1 and 2, it is suggested that in experiment 2, the 
results represent a cumulative effect. Grant and Gates (1925) have re- 
cently shown that although in rabbits there is a balance between serum 
calcium and phosphorus both are increased by moderate irradiation. Our 
results indicate that a short exposure (moderate dosage) changes the 
amounts of each without altering the normal equilibrium between them, 
while a longer exposure (strong dosage) increases both and destroys the 
balanced relation between them. 
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Blood sugar again decreased slightly during the irradiation but rose to 
normal after the irradiation was stopped. 


Experiment 4. 


The results obtained in experiment 


3, dog P, while 


differing from those obtained with shorter exposure in experiment 1, dog 
H, were so similar to those of experiment 2 (second short exposure of dog 


Effect of irradiation on metabolism 


DATE (1925) 


February 2 
February 3.. 
February 4 
February 6.. 
February 9.. 


TABLE 


er pe riment 4 


Dog P 


URINE 
(24 HOUR SAMPLE) 


WEIGHT 


grams gram | gram 


3.87,0.039 0.133 
4.620.055 0.113 


3.38,0.026,0. 152) 


4.19 0.011)/0. 147 


February 
February 
February 
February 
February 


3.57/0.033)0. 120 


| 2.58)0.025)0. 163 


2.74'0.027/0. 160! 


2.39'0.029/0. 135 


FECES 


BLA 
(3 DAY SAMPLE) 


Non-protein 


| mgm.| mgm.| mgm.| mgm 
gram | grams gram | per 100, per 100 per 100 per 100 
| ee. ce. cc ce. 


31.6) 10.5) 5.0 
26.5) 11.0) 4.1 | 80.1 


7.8 | 3.740.011/0. 26.6) 10.8) 4.3 | 83.0 


Irradiation beginning February 9. Blood drawn before irradiation 


| 


| 27.6) 9.6/10 
| 24.7| 11.4/10. 


2.38 .0.030,0. 1100. 190)1.092'0. 392) 31.8) 10.5 


Irradiation ending February 16. Total 16 hours 


February 
February 
February 
February :‘ 
February 
February ‘ 
February 
February 


2.5110 
3.060. 
2.380. 
2.450 
3.31)0. 
2.91)0 
3.310. 
2.71)0. 
4.040. 


016.0.130 
016,0.093 
026.0. 145 
C14/0. 168 
022'0. 138 
014/0.098 
0180. 108 
016,0.125 


011)0. 1030. 154 0.978'0.314 39.7) 11.6) 


30.5) 11.9 
29.3) 12.6) 4.7 
34.1) 11.8) 6. 


5 |119.0 


H) that it was thought worth while to repeat the experiment on the same 


dog after an interval of about 2 weeks. 
irradiated for 2 hours daily at 40 cm. for a total of 16 hours. 


are given in table 7. 
A comparison of tables 6 and 7 illustrates the similarity of results. 


Accordingly dog P was again 
The results 


Z 
1 | 
115.5 
: 
121.0 
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Although it had been regularly consuming its food (diet III) since the con- 
clusion of the first irradiation period, the animal again refused to eat on 
the second day of this irradiation period and ate but irregularly thereafter 
until the end of the experiment. Increase in vitamin B and change to 
diet IV had no effect. The animal lost weight as in experiment 3, although 
its weight had decreased by 0.4 K in the interval between the experiments. 

Urinary nitrogen decreases throughout irradiation, fluctuating at a 
slightly higher level after it had ceased, and approaching normal at the 
end of the post-irradiation period. Feces nitrogen steadily decreases. 
The positive balance increases with irradiation (from 2.033 grams to 2.05 
grams) and continues to rise to 2.456 grams in the post-irradiation period. 
Experiment 3 shows the same rise which is interpreted as nitrogen reten- 
tion caused by the intense radiation. 

Blood non-protein nitrogen does not markedly rise. There is a slight 
rise demonstrated on the last day of the irradiation period, which is fol- 
lowed by a still further increase at the end of the post-irradiation period. 

Urinary calcium fluctuates considerably. The balance becomes smaller 
during the irradiation period (from 0.577 gram to 0.145 gram) probably due 
to the lessened intake (1.24 grams instead of 1.66), and rises again in the 
post-irradiation period to 0.44 gram. The phosphate balance decreases 
from 0.681 to 0.45 gram during the irradiation period, again accompanied 
by a lower intake, and rises to 0.659 gram in the post-irradiation period 
when the intake is increased. 

The interrelations between blood Ca and P are shown in figure 1. 
Their behavior is similar to that in the previous experiment. Since the 
blood was drawn before each irradiation period in this experiment, the 
comparative changes appear a day later. Both Ca and P are at normal 
levels at the end of the post-irradiation periods. As in experiment 3 the 
balance between blood Ca and P disappears as soon as irradiation is begun. 
It would seem from a comparison of the four experiments that a large dose 
of radiant energy disturbs the normal equilibrium between the two con- 
stituents. Grant and Gates (1925) found high Ca and P levels upon 
irradiation in rabbits coincident with the period of most marked parathy- 
roid hypertrophy, both constituents decreasing during the period when the 
glands were undergoing regression. There is also the possibility that there 
is a difference in threshold, P retention being the more easily stimulated by 
moderate dosages, while intensive radiation stimulates that of Ca as well. 

Blood sugar was at a comparatively low level at the start. It rises to 
normal as a result of the irradiation and continues to increase during the 
post-irradiation period. This is in marked contrast to the results obtained 
in the preceding experiments, in which blood sugar gradually decreased and 
remained low for some time following irradiation. In experiment 1 we 
find a decrease which is continued in experiment 2 so that the value at the 
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end of the second experiment is 40 mgm. lower than it was at the beginning 
of the first. It did not return to normal until 8 weeks after the last irradia- 
tion period. In experiment 3 there is a slight decrease which is recovered 


13 
November December 
Experiment 2 - Deg H 


November December February 


Experiment 3 - Dog P Experiment 4 = Dog P 
Fig. 1. The effects of carbon arc radiation on blood Ca and P. The values for Ca 
are indicated by the symbol @, for P byz. The broken line denotes period of irradia 
tion. The dosage for dog H was 1 hour at 40 cm. (55.44 gm. cal. per sq. cm.); for dog 
P, 2 hours at 40 em. (110.88 gm. cal. per sq. em. 


March 


from before the next irradiation begins, but again we find a decrease fol- 
lowed by a rise. Seemingly the smaller dose had a more marked effect 
than the larger, but no conclusive deductions can be drawn from our few 
experiments. Pincussen (1921a) observed a decrease in blood sugar of 
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diabetics when irradiated and believes that the effect is due to a better 
utilization of fats. Alpern (1923) reports an increase in blood sugar of 
animals exposed to radiations of a quartz mercury lamp. Hamburger 
(1923) has shown that the permeability of the frog’s kidney to sugar is 
altered by a change in calcium concentration, and the: possibility of a 
relationship between the observed changes in sugar and calcium suggests 
itself. 

It is interesting to discuss the changes in calcium and phosphorus in 
light of the work done on rickets. The defective calcification of bones in 
rickets is associated with a diminished concentration of inorganic phos- 
phorus or of calcium in the serum. Certain cases show only a low inor- 
ganic phosphorus content, and this is the rule in uncomplicated rickets; 
other cases show only a lowered calcium, the condition usually found 
when rickets is complicated by tetany; while still others may be asso- 
ciated with diminished concentrations of both these elements. Schabad 
(1912) and later Schloss (1914) showed that active rickets is associated 
with a diminished capacity of the intestine to absorb calcium and phos- 
phorus and that coincident with improvement in absorption, healing takes 
place. It has been suggested that the efficiency of cod liver oil in curing 
rickets is due to its effect in improving the absorption of calcium and 
phosphorus from the intestine. Lasch (1921) demonstrated an increase 
in calcium and phosphorus retention on irradiating rachitic infants with 
the ‘‘Kiinstliche Héhensonne.”’ 

Orr, Magee and Henderson (1924), as previously mentioned, irradiating 
pigs on a diet high in phosphorus and low in calcium, found a definite in- 
crease in the calcium absorption and retention and an increased excretion 
of calcium and phosphorus in the urine actually and relatively to their 
excretion in the feces. They conclude that there iseither increased absorp- 
tion or decreased reéxcretion. Orr, Holt, Wilkins and Boone (1924) have 
recently shown that irradiation of children with the quartz mercury lamp 
operates in a similar manner, so that while previous to irradiation less than 
one-half of the phosphorus was excreted into the urine, after irradiation the 
amount increased to 50 to 75 per cent. This was due to decreased elimina- 
tion in the stool rather than to an actual increase in the amount eliminated 
in the urine. There was no constant effect on the calcium partition. The 
authors rule out the factor of radiant energy affecting the reéxcretion of 
calcium and phosphorus into the intestine, for when calcium is introduced 
by subcutaneous injection into a rachitic child, it is very largely excreted 
by the bowel. When phosphorus salts are injected, however, no increase 
of phosphorus in the feces is found and most of the phosphorus is recovered 
from the urine. They conclude that since much of the calcium in the 
intestinal contents is bound by phosphorus, it is altogether probable that 
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these two elements are absorbed together and that the radiant energy 
increases absorption rather than decreases reéxcretion. 

Hart, Steenbock and Elvehjem (1924) irradiated mature goats and 
found that negative calcium balances could be stimulated thereby to posi- 
tive. It is of interest to point out that these investigators found (as we 
did in experiments 3 and 4) that during the irradiation of an animal with a 
positive calcium balance, it lost its appetite and the balance changed to and 
remained negative until the appetite was recovered. They report anincrease 
in calcium and phosphorus retention in one non-lactating and two lactating 
goats. An analysis of their records shows that in many cases this retention 
is accompanied by an increase of these constituents in the urine relative to 
the amount in the feces, as well as by a total decreased elimination. They 
also find an increase in serum phosphorus as shown by samples taken at 
the beginning, after a few weeks, and at the end of the experiment. Cal- 
cium did not show any great change. It is highly probable that if they 
had made their analyses at more frequent intervals and had followed 
the animals after irradiation had ceased they would have obtained results 
similar to ours, for our phosphorus values are appreciably higher at 
the end of the irradiation than before. Since the most marked change 
in calcium comes at least two days after irradiation has ceased, these in- 
vestigators failed to observe it. Mitchell and Johnson (1925) showed that 
irradiation not only aids in the healing of rickets in rats caused by either 
calcium or phosphorus deficiency, but also causes a retention of calcium 
when both factors are deficient and a consequent beneficial effect on skele- 
tal development and the organism as a whole. 

Our results are, for the most part, in accord with these findings. Thus 
we generally find during a period when blood P is high, that the amount 
eliminated through the urine relative to the feces is increased. Similarly 
a rise in blood Ca in a post-irradiation period is accompanied by increased 
calcium retention. The divergences found in experiments 3 and 4 are 
ascribable to the loss of appetite and consequent decrease in intake. 

The mechanism of the reaction is at present only a matter of conjecture. 
Telfer (1922) and others have shown that the reaction of the intestine is a 
very important factor in calcium absorption. Free acids give rise to soaps, 
while alkalies result in calcium phosphate in the feces. Acid feeding in- 
creases, while feeding of NaHCO; decreases the amount of calcium and 
phosphorus in the urine and increases it in the feces. Zucker, Johnson 
and Barnett (1922) consider that a reduction of the acidity in the intestinal 
tract may give rise to decreased absorption of calcium and phosphorus, for 
by feeding 2 per cent Na2CO; they obtained rickets. Irving and Ferguson 
(1925) recently showed that CaCl, in acid solution is better absorbed than 
in alkaline or neutral solution. Barkus and Balderrey (1923) injected 
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NaeHPO, into sheep and found that either solar or quartz mercury vapor 
lamp radiation hastened its disappearance from the blood stream, by 
virtue either of the dilatory action on the peripheral vessels, stimulating 
diffusion between the blood stream and the tissue spaces or of hastened 
glomerular filtration. Barkus (1924) later showed that under normal con- 
ditions phosphates were retained for a considerable period when injected 
into the blood stream. The excretion and diffusion is rapid as long as ¢ 
high partial pressure of dissociated phosphates is maintained. On ‘the 
return of the level to nearer the normal, the disappearance from the blood 
stream becomes slower. 

It is plausible to assume that irradiation affects the absorption and re- 
tention of calcium and phosphorus in the body, by influencing the reaction 
of the intestinal contents, a determination of which along with that of the 
blood is of major importance. The results which we report are of some par- 
ticular interest because the observations were made on mature “normal” 
animals. As Hart, Steenbock and Elvehjem (1924) have pointed out, if 
radiant energy plays such an important part in the maintenance of Ca and 
P equilibrium in mature animals, a reinterpretation of many of the older 
experiments pertaining to these constituents will have to be made. 

It is of interest to note the similarity of the changes here reported in 
nitrogen of the blood and urine with those obtained by Hall and Whipple 
(1919) and by Williams (1906) following short exposure to x-rays. The 
former investigators found that 10 minute exposures markedly increased 
both urine and blood nitrogen in dogs. Many of the animals showed a 
tolerance for repeated exposures. Williams reports negative nitrogen 
balances persisting after the exposures were discontinued. The first ex- 
posure always produced a larger rise in blood non-protein nitrogen than 
did successive doses. Cori and Pucher (1923) also found that x-ray 
radiation produced a marked increase in urinary nitrogen with a parallel 
increase in phosphates. Two days after irradiation had begun, the patients 
refused to eat. Theis and Bagg (1920) on injection of active deposits of 
radium in the dog, obtained an increase in total nitrogen and phosphates, 
the effects being cumulative. Here also there ensued a loss of appetite 
and a decrease in weight. 

Our experiments demonstrated an unexpected similarity between the 
effects of change from roomlight to darkness and vice versa and the effects 
following irradiation, as a comparison of the tables will illustrate. The 
curves representing the changes in nitrogen, calctum and phosphorus are 
very similar. There isin both a stimulation of endogenous nitrogen metabo- 
lism resulting in a decrease in the balance. The changes in the partition 
of calcium and phosphorus in urine and feces resulting in phosphorus re- 
tention are present in both. We might expect that the transition from 
darkness to roomlight would produce results somewhat similar to irradia- 
tion with a strong source of radiant energy, but it is somewhat surprising 
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to find that a change from light to darkness shows similar effects. The 
only conclusion is that any deviation from the usual, in so far as radiant 
energy is concerned, acts as a stimulus which disturbs the metabolism of 
these constituents. The results are similar to those of Crofts and Laurens 
(1924) on the influence of light upon respiration in the frog. Thus the 
absence of light disturbs the equilibrium in the same way as does a short 
exposure to irradiation. Long continued darkness allows the animal to 
adjust the equilibrium but on return to roomlight it is again disturbed. 
Intense dosages would similarly disturb the equilibrium to such an extent 
that recovery requires a longer period of readjustment. Our experiments 
are indicative of a relationship between the initial disturbance in metabo- 
lism and a positive or negative variation in the amount of radiant 
energy acting upon the organism. 


SUMMARY 


Irradiation of normal adult animals with moderate intensities increases 
the endogenous nitrogen metabolism, stimulates the absorption of calcium 
and phosphorus from the intestine, and usually decreases the amount of 
blood sugar. The changes persist and in some cases are most apparent 
after irradiation has ceased. 

A repetition of the exposure of one hour for 8 days after an interval of 20) 
days (experiments 1 and 2) gives results similar to those obtained when the 
single exposures are lengthened to 2 hours for 8 days (experiments 3 and 4). 
Excessive radiation causes loss of appetite and consequent masking of many 
of the effects observed after smaller doses. 

Serum phosphorus is markedly increased by irradiation (are lamp, and 
roomlight following darkness), in some cases as much as 300 per cent. 
On moderate exposures to are lamp radiation there is a balance between 


the serum calcium and phosphorus. Excessive or repeated irradiation also 


increases serum calcium, the rise in the latter coming simultaneously with 
that of phosphorus. Irradiation generally lowers the blood sugar, the 
decrease persisting after irradiation has been stopped. 

The changes in nitrogen metabolism and of calcium and phosphorus 
absorption during a short stay in darkness are strikingly similar to those 
obtaining during arc lamp irradiation. The change in these constituents 
on emerging into light are also comparable to those of are lamp irradiation. 

The radiant energy of the Majestic white flame carbon lamp has been 
measured and the dosages expressed in absolute units. At 40 cm. the total 
energy of the Majestic white flame carbon lamp is equivalent to 0.0154 
gram cal. per sq. cm. per second, which is practically the same as that of 
average solar radiation at Washington, D.C., while its spectral distribu- 
tion is quite different, viz., approximately 50 per cent being ultra violet, 11 
per cent visible, and 39 per cent infra red, as contrasted with solar radiation 
in which not more than 1 to 2 per cent is ultra violet, 40 to 50 per cent 
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visible, and 50 to 60 per cent infra red. Although our animals were re- 
ceiving a total amount of radiation equal to that which they would have 
received on the average if they had been exposed to sunlight, they were 
receiving about 50 times as much ultra violet at each exposure. 
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That there is great interest in the physiological action of radiant energy 
(ultra violet, visible and infra red) and darkness is evidenced by the enor- 
mous literature which has accumulated particularly since Finsen (1899) 
published his work on the treatment of lupus and small-pox. The chief 
interest has been almost exclusively in the ultra violet components of solar 
and artificial radiation, although the beginnings of a reaction against this 
are evident in the work of the last few years. In analyzing the reports of 
the work dealing with the therapeutic and physiological action of radia- 
tion, it is immediately evident that most of it has been done under 
varying conditions such as altitude, quality and quantity of radiation, 
different experimental animals and varying characteristics of man, 
blond, brunette, varying pathological states or normal,—so that, in spite 
of the care and precision which characterizes much of it, no very general 
conclusions can be drawn. In order to obtain a more complete idea of 
the effects of radiation it is necessary to know something of the effects 
ensuing upon lack of light. This paper includes the report of observations 
upon dogs kept in ordinary roomlight, and then in absolute darkness, for 
varying periods of time, and then again returned to ordinary roomlight. 
The following article deals with observations made on dogs during and 
after irradiation with the flaming carbon are. The physical characters of 
the blood most particularly studied are the reds, percentage Hb, whites 
and platelets. Isolated observations were also made on fragility, coagula- 
tion time, total solids and pH. 

Irradiation through peripheral dilatation brings a larger quantity of 
blood than usual to the surface and for this reason among others interest 
has been shown regarding the changes in the blood. Schlaepfer (1905), 


1 The data here reported are taken from the Dissertation presented to the Faculty 
of the Graduate School of Yale University in candidacy for the Degree of Doctor of 
Philosophy by Alice L. Miles, June, 1925. 
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(1906) thought he had demonstrated that the blood of an animal which 
had been irradiated was photoactive, but later (1914) states that the 
darkening of the photographic plate was due to hydrogen peroxide and 
was not inherent in the blood. Although the effects of darkness versus 
roomlight, on the one hand, and of carbon arc irradiation on the other, 
will be treated in separate communications, it seems best to consider 
together the literature dealing with the two subdivisions. However, only 
a brief review of certain outstanding features with reference to the physical 
characters listed above will be given here, particularly so since this litera- 
ture will in due time be available in a separate publication. Furthermore 
the literature up to the last few years has been brought together in a 
number of excellent reviews, among which are the following listed in 
chronological order: Cleaves (1904), Jesionek (1912), Bernhard (1917), 
Mayer (1921), Pincussen (1921), Clark (1922), Hausmann (1923), Rollier 
(1923), Hill (1924). 

Graffenberger (1893) found a decrease in Hb for about 50 days in rabbits 
kept in darkness such that the outlines of objects were just distinguishable. 
This was followed by an increase due to diminished blood volume. Marti 
(1897) kept rats in the dark for 16 days and reported a decrease in reds and 
a proportionately smaller diminution in Hb, while continuous exposure to 
strong light (sun and are lamp) stimulated erythrocyte and Hb increase. 
Borissow (1900), however, obtained negative results on the red count 
even after several hours of exposure to sunlight. 

Oerum (1906) kept rabbits for months exposed to light and in darkness. 
Those kept in darkness or exposed to red light showed an initial decrease 
in reds and percentage Hb. After a month or more the red count and per- 
centage Hb increased, due to diminished blood volume. In diffuse day- 
light and in blue light, blood volume increased and was accompanied by an 
increase in Hb. A 4-hour light bath increased the volume by 25 per cent. 
Oerum’s results show cogently how important a study of blood volume 
under these conditions would be. According to him, darkness and red 
light diminish the amount of blood; diffuse daylight and blue light increase 
the amount of blood and of Hb. He does not consider the possible influ- 
ence of temperature. 

Bering (1907) reports that white mice exposed to the radiation from a 
Kromayer lamp 6 hours after eating show first an increase in reds and 
later in Hb and total solids, increased skin temperature and lowered inner 
temperature. At least 3 hours’ irradiation was necessary to produce 
increase in Hb, 2 hours for increase in reds. The increase in total solids, 
along with lowered body temperature and loss of weight, is probably due 
to loss of water and to blood concentration. 

According to Jesionek (1912, p. 370) the results obtained by Oerum and 
Bering are comparable with the observations so often made of the pale 
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anemic appearance of men working and living in poorly lighted rooms, the 
blood chemistry of whom is not necessarily affected because it is not Hb 
concentration and the absolute number of reds which is decreased by 
lack of light, but merely the volume of blood going to the periphery. Light 
within physiological limits widens the cutaneous vessels and thereby 
allows more blood to go to the skin. It is possible that in darkness of 
some duration the skin vessels may become constricted and the skin thus 
assume a bloodless appearance apart from the possible hypoplasia of the 
skin vessels. At all events such anemic looking people often have a sur- 
prisingly high Hb content. Jesionek (1912, pp. 371, 211) calls attention 
to the fact that studies of the blood made during the long polar night have 
demonstrated no change in the chemistry of the blood in spite of the pale, 
yellow-green color of the men. He quotes Holmgren to the effect that 
Gyllenkreutz found no diminution in Hb in the members of the 1882-83 
Spitzbergen expedition, and that Blessing reported not the slightest 
change in the blood of the members of the Nansen expedition so long as 
food was sufficient. 

Schonenberger (1898) reported that mine horses kept 10 to 24 years under 
conditions completely excluding daylight never showed anemia or other 
changes. Grawitz (quoted from Jesionek, p. 371) believes that darkness 
and screening the eyes from light leads to a moderate increase in blood 
cells, due to loss of water from the blood. 

Bernhard (1917, p. 32) refers to the harmful effects of the lack of light 
on man as exemplified in those who live on the shady side of the deep 
Alpine valleys as contrasted with those who live on the sunny side. He 
compares these to the reports of polar investigators to the effect that the 
Eskimos and other members of the expedition at the end of the long 
polar night are anemic, edematous and weak. He is of the opinion that 
the lack of change in the blood found by Blessing in the members of the 
Nansen expedition was due to the fact that the winter was spent in an 
illuminated ship. Furthermore, that Schonenberger’s failure to find evi- 
dence of anemia in mine horses was also due to the fact that mines are 
artificially illuminated. Nevertheless, Grober and Sempell (1919) who 
recently studied horses that had been kept in mines for at least 13 years, 
found but a slight increase in reds and a corresponding decrease in hemo- 
globin with no change in whites. Oltramare (1919) likewise found no 
decrease in reds and Hb. 

Cramer, Drew and Mottram (1923) kept rats in the dark from birth 
and found no signs of ill health but an abnormally low number of platelets 
and a slight anemia. . Irradiation with a quartz mercury vapor lamp stimu- 
lated the formation of platelets. Laurens and Sooy (1924) followed the 
blood cell number of the growing albino rat for the first 6 months. They 
found that platelets decrease proportionately from a high count in rats 
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exposed daily to sunlight to a slightly lower one in rats exposed to diffuse 
daylight; to a still lower count in those kept in roomlight; and to the low- 
est of all, in rats kept in darkness. Red cells similarly decrease to a greater 
extent so that the platelet red cell ratio at 6 months of age is greater in 
the rats kept in darkness than in those exposed to sunlight and diffuse 
daylight. There was no constant change in total white counts occasioned 
by darkness, but the differential counts showed an increase in polymorphs 
at the expense of the lymphocytes. 

Aschenheim (1913) found that solar irradiation in the majority of infants 
increased the whites especially the lymphocytes, so that the other types 
were relatively diminished but did not influence the reds; while Gudzent 
(1913) and Bickel and Tasawa (1913) found that prolonged irradiation 
with a quartz Hg lamp produced an increase in reds and hemoglobin. 
Berner (1914), however, observed that quartz lamp irradiation did not 
increase reds and Hb but decreased the whites. Traugott (1920) obtained 
similar results with respect to the reds but reports that daily irradiation 
of 3 to 45 minutes at 50 cm. with a carbon arc increases the leucocytes 
and platelets with no effect on the reds and that the blood when drawn 
coagulates more quickly. Trauner (cited from Hausmann, page 104) 
holds, however, that coagulation under such conditions is retarded. Han- 
sen (1916) found a 7 per cent increase in hemoglobin and reds after daily 
irradiation for a week with a carbon lamp. Lenkei (1908) reports an 8 
per cent increase in reds and a 6 per cent increase in leucocytes following 
irradiation. 

Clark (1921) studied the effects of filtered radiant energy of different 
wave lengths from an iron are upon the leucocytes in the rabbit. The 
wave lengths shorter than 300 my cause marked lymphocytosis lasting 3 
weeks, with no effect on the absolute number of polymorphs. Wave 
lengths between 300 and 390 my exert a depressing effect especially on the 
lymphocytes and less so on the polymorphs. Wave lengths between 450 
and 650 mu have stimulative action on both the lymphocytes and poly- 
morphs while wave lengths beyond 650 my have no effect. There is no 
effect on erythrocytes. Mayer (1921) reports that Nicke using a quartz 
mercury lamp noted that the polymorphs in the peripheral blood and in 
the part rayed were decreased immediately after irradiation. Later there 
was an increase above normal in total whites which was followed by a 
return to normal. 

Baumann (1920) reports alterations in leucocytes after exposure to 
artificial radiation in high altitudes. With men there was an initial 
increase in polymorphs and lymphocytes followed-by a more marked 
increase in lymphocytes. Increase in eosinophiles and large mononuclears 
also occurred. With guinea pigs an exposure of one-half to one and a half 
hours caused great weakness and if the irradiation was continued 5 to 6 
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hours death resulted, autopsies showing severe lesions of the spleen and 
bone marrow. Burchardi (1921) reports that reds and hemoglobin increase 
at first quickly with carbon arc irradiation then slowly up to a maximum 
reached at the time of deepest pigmentation, while whites decrease fol- 
lowing pigmentation. Reidel (1921) found an increase in hemoglobin 
following long solar irradiation, but only slight changes with the quartz 
mercury lamp. With neither did he observe any uniform increase in 
whites. After irradiation with the artificial “mountain sun’’ Koenigsfeld 
(1921) states there was no change in reds and hemoglobin. The white 
picture, however, was modified as follows: an increase in leucocytes after 
irradiation for 4 minutes, quickly subsiding to a normal level or below. 
Only if the irradiation period lasted for 50 to 60 minutes could the increase 
be made of any duration. After the first irradiation there was a relative 
increase in polymorphs and a slow decrease in large mononuclears, with 
increase in lymphocytes and in eosinophiles. Further counts showed a 
second increase in polymorphs and then a gradual return to the normal 
picture, with no further changes because of decreased action due to deep 
pigmentation. 

Aschenheim and Meyer (1921) find following solar irradiation an increase 
in lymphocytes proportional to the amount of irradiation but not in poly- 
morphs, the presence of embryonic white cells and the number of. myelo- 
blasts increasing at the expense of the neutrophils. Large blood platelets 
were discovered and also an increase in hemoglobin but no influence on 
the reds. Gelera (1922) reports in humans following quartz Hg lamp 
irradiation no change in hemoglobin content, reds, eosinophiles and baso- 
philes, but marked increases in polymorphs, large mononuclears and 
lymphocytes, particularly after the early exposures. Sundstroem (1922) 
has demonstrated that a tropical temperature produces a 10 per cent 
increase in reds which, though primarily due to thickening of the blood, 
must be real since the whites do not proportionately increase, but decrease. 
This lowered white count, according to Sundstroem, demonstrates high 
sensitivity to temperature increase on the part of the organs concerned in 
white corpuscle formation. It furthermore is illustrative of how impor- 
tant a control of the temperature should be in attempts to locate the specific 
action of radiant energy. 

Koster (1920) has tabulated blood findings in 50 patients with bone and 
joint tuberculosis taking sunbaths in the Swiss mountains. The reds 
increase in most cases slightly but not to the altitude figures given in the 
literature. Hemoglobin increased in nearly all. Paginez, Ravina and 
Sollman (1924) find that irradiation of almost any part of the body causes 
decrease in coagulation time. Pennetti (1923) claims that the phagocytic 
power of guinea pig polymorphs is increased by several hours’ exposure to 
diffuse light. 
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That many of the effects which have been ascribed to altitude are really 
due to sunlight and vice versa, is evident in many of the papersdiscussed 
above. The following may be particularly referred to. Meyer (1900) 
working with rabbits at Davos and Basel reports that changes in red blood 
corpuscles and hemoglobin ceased when sunlight could not act. Kestner 
(1921), (1922) believes that the increase in reds observed at high altitudes 
is due to the indirect action of increased sunlight forming oxides of nitro- 
gen and ozone which are inspired. Effects similar to those obtained fol- 
lowing direct exposure to carbon arc radiation occurred if dogs and men 
were allowed to breathe the atmosphere about the are when the body was 
protected from direct irradiation, but did not occur when the combustion 
products were not breathed, although the body was directly irradiated. 
Bardenheuer (1911) at Leysin reports increase in lymphocytes and decrease 
in leucocytes as a result of solar irradiation, the chance of altitude being a 
causative agent is, however, evident. 

It is in great measure owing to the varying conditions of observation 
and experiment that the apparent, many of them, contradictions are due. 
The following is probably a safe statement of facts: irradiation is followed 
by an increase in reds, whites, platelets, hemoglobin, and a decrease in 
H-ion concentration, coagulation time, and eventually in blood volume. 
In general darkness may be said to cause the reverse, except with respect 
to blood volume which seems also to be diminished in darkness. 

The general plan, care of animals, diet, etc., outlined in the first paper 
(Mayerson, Gunther and Laurens, 1926) of the series was followed. For 
the most part the same animals were used as in that work, so that mention 
is necessary of only a few points concerning technique. The blood for 
counts, etc., was taken in the afternoon from the femoral artery. Hayem’s 
solution was used as the diluting fluid for reds and 0.6 per cent acetic acid 
for whites. For platelets the indirect method described by Sooy and 
Laurens (1924) was used. Blood smears, the majority of which were cover- 
slip smears, were stained with Wright’s or Leishman’s stain. The hemo- 
globin values were obtained from Mr. W. E. Callison, a student in this 
laboratory, who was following the blood gases of the animals. The values 
are expressed in terms of the Haldane scale, 18.5 per cent by volume oxy- 
gen combining capacity per 100 per cent of Hb. Values on the Tallquist 
seale are given as approximations. Near the end of the work a few deter- 
minations were also made by the Newcomer colorimetric method. A 
very few determinations of blood pH using Hastings’ microcolorimetric 
method (1924) of bicolor standards were made. Blood pH and blood 
volume are two of the most fertile regions for investigation of this kind, 
and plans are being made for their determination in later series. 

The effects of a short period of darkness. The review of the literature has 
brought out the disagreement amongst investigators some maintaining 
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that no changes occur; others, that both hemoglobin and reds diminish; 
still others reporting an increase in reds. Reports seem to agree that dark- 
ness causes a diminished platelet count, while little is said of total and 
differential white counts. The observations have been made principally 
on man, rabbits, guinea pigs, and rats. Apparently little, if any, work of 
this sort has been done on dogs. The lack of agreement is not altogether 
surprising or unexpected even if the conditions for the various experiments 
described in the literature had been more uniform, for we find great varia- 
tion in the reactions of individual animals as well as variations due to 
differences in the duration of the dark periods. 

A short experiment lasting 15 days was run on two dogs, B and FE, in 
which red and white counts, total and differential, were made (see table 1 

TABLE 1 
Effects of a short period of darkness 


DOG B 
DATE (1924) 
Whites 


May 16 

8.6 
9.8 


Dark period beginning May 28 


May 30 
June 6 


Dark period ending June 12 


June 14 
June 16 8.0 


In all tables reds are reported in millions, whites and platelets in thousands 


The room was made light-proof in the late afternoon or evening, so that 
the actual number of days of darkness should be counted as beginning 
with the day following that given in the table. A certain average figure 
is taken as “normal” and the estimate of the changes is based on this 
normal value. 

Dog B shows a normal red count throughout. The drop on the 5th day 
in darkness is but slightly greater than the limit of experimental error and 
is considered too small to be significant. The leucocyte count shows a 
slight rise, 1500 above normal (9000) on the 15th day of darkness. The 
differential (see table 1a) shows the percentage of polymorphs and lympho- 


DOG 
Reds Whites 
6.0 8.5 
6.5 8.2 
6.9 9.2 5.4 §.3 
6.7 9.4 6.2 8.1 
6.0 
7.0 10.5 6.3 
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cytes was practically unchanged until the 15th day at which time there was 
an increase in polymorphs. On readmitting light to the room, the total 
increase disappears and a slight initial increase in monocytes (small and 
large lymphocytes and large mononuclears) occurs. 

The reds in dog E show a definite decrease on the 2nd day of darkness 
with a return to normal on the 5th day. No further changes occur during 
the dark period nor following the readmission of light. The whites show 
practically no change in total number, though the smears (see table 1a) 
show a decreasing number of polymorphs. Normoblasts appear in the 


TABLE la 
Differential counts before, during and after a short period of darkness 


| | 
¢ POLY- MONO- EOSINO- BASO- | NORMO- 
I (192 TC L | 
— 4) _— MORPHS CYTES PHILES PHILES | BLASTS 


Dog B 


| 


66 | 28 


61 | 28 
76 18 


Dark period ending June 12 


June 14 


May 28 


58 38 
47 53 


Dark period ending June 12 


8.0 | 50 : 8 


smears of blood drawn when the animal was in ordinary roomlight but 
after deprivation of light for 9 days the percentage increases from 9 to 
15 per 100 white cells. 

Another experiment to show the effects of a short period of darkness (28 
days) was run on dogs H and J. The effects on dog H are given in table 2. 
Note should be made of the fact that dog H had two months previously 
been exposed to carbon arc radiation. It seems that some effect of the 
irradiation influenced the values here obtained. These will be referred to 
as they appear. 


| 
9.4 10 1 
60 36 1 3 9 
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During the dark period, the red count twice distinctly decreases, on the 
6th (February 3) and 19th (February 16) days respectively. The first 
drop, though considerably below the value taken the day the dark period 
was commenced, is not much below one count (January 20) made during 
the preliminary light period. But taking the just preceding and succeed- 
ing values into consideration it seems reasonable to conclude that the 
decrease was occasioned by the darkness. The second decrease is 900,000 
below the average count and 1,200,000 below the count made the day afte: 


TABLE 2 
Effe cts of a short pe riod of darkne 
Dog H 


Hb PLATELET 
OTAL 
DATE (1925 wuites PUATE"| pep cert | TOT pH 
LETS SOLIDS 
RATIO 


January 15 : 78 535 :14 


period beginning January 28 


January 76 10.7 487 
January : 11.6) 8 
January 10.6 558 
February 476 
February 5.. 12 564 
February 9. 
February 

February 


9 
SO 


de 
io 
‘ 

‘ 

‘ 


xd ending February 


71 82 10.4 
69 74 13.9 
69 71 11.4 
67 10.6 
60 10.3 477 


February ‘ 
March 2 
March 4 
March 9... 
March 16. 


the dark period began, and is accompanied by a slightly decreased per- 
centage hemoglobin. The lowered count is not a permanent condition, 
and by the 28th day, the reds had increased by 700,000 though the per- 
centage hemoglobin remained low. On the return to light, approximately 
normal conditions were found on the 7th day. Red counts taken on the 
2nd and 5th days after the dark period show respectiveiy a rise of 500.000 
and a fall of 400,000 below normal (7,200,000), both perhaps within the 
limits of error, but large in themselves by comparison with preceding and 
succeeding counts, and which may indicate an over-response on the part 


1:15 
1:13 
1:13 
1:14 
1: 9 
1:15 
1:12 15.3 | 7.35 
Dark peri 5 
6.8 1:14 16.6 48 
7.0 5O 
7.5 1:16 
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of the blood forming mechanism in the reéstablishment of the normal 
room light conditions. This particular type of reaction, an increase 
followed by a decrease, and in turn followed by a rise, occurred in a number 
of cases, though not in all, in some the return to normal after a dark period 
being almost immediate. 

The hemoglobin values, except on one day, steadily diminish during the 
dark period. The decrease while not marked is definite and continued, 
amounting to about 8 per cent on the 19th day (February 16) when the 
low red count was obtained. Upon readmission of light the hemoglobin 
continued to diminish. Observations were discontinued on March 16 so 
that the ultimate history was not obtained. The continued drop could 
hardly have been due to loss of blood since the red count continued con- 
stant. The effect is possibly comparable to that obtained by small doses 
of artificial radiation, when, as will be shown later, the general initial effect 
is decreased hemoglobin. A study of blood volume as well as of number 
and character of the reds would probably answer the question. 

An initial increase in whites with fluctuations, all above normal, occurs 
during the first 8 days of darkness. This is followed by a decrease, so that 
on the 19th day (February 16) the count is approximately normal. On the 
5th day (March 2) after the return to light, there is the peak of an increase 
in whites, followed by decreasing values approaching normal. 

Platelet counts show a general drop during the dark period with a rise 
at the end corresponding with the rise in red cells. That the diminution 
in platelets is real is shown by the diminished ratio of platelets to reds. 
On the 12th day (February 9) a very large platelet count with a high ratio 
of platelets to reds, was obtained. Unfortunately no duplicate count was 
made and we believe it to have been an error in technique. It occurred 
at a time when the red count was normal and the white not markedly 
increased. 

Near the end of this period of darkness, total solids and blood pH were 
determined. On return to light total solids show an increase of 2 per cent, 
corresponding with the slight increase in reds. On the 5th day (March 2) 
after readmission of light and again two days later, a basic value about 0.5 
per cent lower than the initial light value was obtained. On the 2nd and 
6th days after readmittance of light, blood pH was 0.13 higher (7.35 to 
7.48) than the value found on the last day of darkness. On the 7th and 
12th days blood pH was 7.50. From the few determinations made there 
is indication of a slight acidosis, during the latter days at any rate, of the 
dark period. 

In dog J the red counts show but the slightest changes throughout the 
period of darkness (table 3). On return to light there is, as in dog H, an 
initial rise of 500,000 above normal, a fall of 600,000 on the 6th day, and 
finally a rise to normal. In contrast to the red count, hemoglobin drops 
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immediately after the beginning of the dark period. The lowest value 
(18 per cent below normal) was obtained on the 3rd day. This is followed 
by a gradual increase to the normal level which is maintained from the 
15th day throughout the dark period. As with dog H, normality was 
maintained until the 3rd day after the dark period when steadily decreas- 
ing values were obtained. Here again a thorough study of blood volume in 
connection with the red and Hb determinations would have been of great 
interest. 
TABLE 3 
Effects of a short period of darkness 


Dog J 


PLATE- PLATELET 
DATE (1925) REDS WHITES RED CELL 
RATIO 


9.6 563 :10 
10.0 509 
10.3 482 :11 


January 2: 
January : 
January ‘ 


beginning January 28 


9.7 | 500 
January 11.6 | 502 
February 3...... eee 5.4 8 11.8 410 
February 12...... 5.6 | 16.3 | 467 
February 18.... 

February 25.. 5. 87 


Dark period ending February 25 


6 


SS 94 10.8 612 

79 86 8.9 
79 | 10.5 
70 8.3 3A9 1:16 
70 302 1:19 


February 27 
March 2 
March 4 
March 9 
March 16 


or or Gr 
oo 


The whites increase during the period of darkness, culminating on the 
15th day (February 12) with a count of 16,300 and returning to normal on 
the 28th day, there being small fluctuations to the end of the experiment. 
(Compare dog H.) 

The platelets show a rather sudden decrease on the 3rd day (January 
31) of darkness with diminished ratio to reds. They slowly increase to a 
normal or slightly above normal value on the 2lst day (February 18). 
On the 3rd day of light there is a notable increase with a proportional one 
in reds, so that the ratio remains the same. The following values are from 
150,000 to 200,000 below normal, but now with diminished ratio to reds, 


5.5 9] 
5.7 90 
5.5 
Dark period 
1:11 
1:11 
1:14 
1:13 
1:12 
1:10 7.45 
1:10 15.6 7.45 
16.3 42 
‘ 
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a finding which agrees with the initial effects of irradiation with the carbon 


are lamp. 


DATE (1924 


February 
February 


February 26 
February 28.... 
March 10.... 
March 15 

April 1. 

April 8 

April 15.. 

April 29 


November 4.... 
November 
November 8 
November 


November 11.. 
November 13. 
November 14. 
November 17.. 
November 19.. 
November 21. 
December 1 
December 11 
December 16... 


DOG M 


Hb 


Dark pe 


68 
60 


TABLE 4 


WHITES 


70 16.6 


70 


11.2 
9.{ 
13.: 


Efe cts of a long pe riod of darkness 


DOG G 


PLATE- 


LET: 
*LATE- 

REDS WHITES RED 
LETS 

CELL 


RATIO 


February 25 


S 
5 


Platelets red cell ratio 


376 


riod ending November 11 


16 
15.: 
13.: 
11.; 
15 
12. 
15 
11.0 
12.7 


406 
526 
513 
518 
462 
340 
496 
415 


Platelet counts made by the direct method. 


Total solids increased by 3 per cent on return to light. 


By the 7th day 


(March 4) after the dark period, this value was 2 per cent lower, indicating 


again an initial over-response in the establishment of normal values. 


The 


= Hb 
H T 
8O 6.5 70 9.3 
16 6.1 69 15.3 6.4 64 8.2 
Dark period beginning 
7.0 | 79 85 18.8 13.4 
| 4 576 | 1: 8 
7.0 73 3 51 
6.0 67 15.2 6 63 10.8 296 1:21 
7.0 73 6 70 14.3 | 2:3 
7.3 64 Beem 10.3 
7.2 | 9.1 6.6 70 10.6 
7.0 69 176 | 1:40 
| 8 9.3 
May 21.... 7.6 8 
P| 8 | 6.4 
6.9 | 86 | 
5.5 | 73 70 
6.4 65 
6.2 77 |_| 1:16 
5.3 i 1:13 
5.4 60 1:10 
5.7 60 
5.9 70 1:11 
6.3 70 1:13 
70 1:15 
6.5 80 3:33 
6.6 83 1:12 
5.9 1:14 
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H-ion concentration of the blood shows fluctuations at the beginning of 
the light period, the effect being first an increased pH, from 7.45 to 7.50 
next, a further increase to 7.55, on the 5th day of light; on the 7th day, a 
decrease to 7.42; and finally a return to 7.50 on the 12th day. Here, as in 
the case of dog H, a condition of slight acidosis at the end of the period of 
darkness is indicated. 

The changes observed in 2 other dogs, M and G, within the first 28 days 
of a long dark period will also be given here. Dog M (table 4) shows an 
TABLE 4a 

Differential counts before, during and after a long period of darkne 


‘ POLY- EOSINO- 
DATE (1924) OTAL ASOPHILES 
1924 TOTAL | BASOPHILE 


Dog M 


February 16......... 15.4 52 45 
February 2: 46 48 


Dark period beginning February 25 


February 29.... 18.8 61 35 


Dark period ending November 11 
November 13... 15.3 67 
Dog G 


Dark period beginning February 25 


February 26.... 13.4 66 33 
March 15 id 10.8 62 37 
April 29............. | 10.6 63 36 
June 11 6.4 61 36 


increase in reds of nearly a million on the Ist day of darkness. The count 
remains at this high value until the 13th day (March 10) but is normal by 
the 18th day (March 15). The marked initial rise was not observed in 
any of the other dogs, and was accompanied by an initial 10 per cent 
increase in hemoglobin, which, however, did not remain high, being prac- 
tically normal on the 13th day. The whites show an initial increase of 
3,500 above the already high value of 15,300 to which the count again 
decreases by March 15. The differential (table 4a) shows a slight increase 
in polymorphs which was permanent. 


0 3 
3 3 
3 ] 
0 0 
| 
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0 
l 0 
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Dog G (table 4) shows an initial decrease in reds of 2,000,000 followed 
by a slow increase and on the 18th day (March 15) the count is normal. 
Hemoglobin decreases by 13 per cent with return to normal on the 18th 
day. The whites show an increase of about 4,400 on the first day of dark- 
ness. The next count was not made until the 18th day when a value only 
1,800 above normal wasfound. The increase in whites is thus temporary. 

The platelets were counted by the direct method. On the Ist day of 
darkness the count is normal, on the 18th day they had decreased by 280,000 
and relatively to the reds, as shown by the lowered platelet red cell ratio. 
Later counts show a continued decrease. 

The chart shows at a glance the main trend of events occurring during 
and just after a short period of darkness. The values for each dog have 
been plotted on the same abscissa and bring out certain points of similarity. 
In brief, the observed effects of a short period of darkness are as follows. 
An initial increase in reds in five dogs, in two of which the change was 
slight, in a 6th dog an initial increase followed by a decrease to normal. 
Of four dogs returned to light after a short period of darkness (15 to 28 
days) the count is normal in two and continues so. In the other two there 
is an initial slight rise followed by a slight fall with return to normal. In 
3 out of 4 dogs there is an initial decrease in hemoglobin, in the 4th a 
decrease following an initial rise. In 2 dogs upon readmission of light 
(the normal level having been reached during the dark period) the values 
at first remain normal and then decrease. This decrease is characteristic 
and will be discussed later in the section on irradiation. In 4 dogs there 
is an initial marked increase in whites. In one other there is a very 
slight and slow increase, and in another a slight increase following a very 
slight decrease. On readmitting light, in one dog the count, which was 
normal in the dark, remained so, in a second it returned immediately to 
normal, in a third it returned to normal after fluctuations up and down, 
while in a fourth a marked increase is followed by a return to normal. In 
3 dogs the platelet count is lowered. One of these (dog H) had been irra- 
diated 2 months previously and showed a temporary rise in the middle of 
the dark period. The return to light is followed by a slight initial increase 
succeeded by a decrease below normal in the 2 dogs whose platelet count 
was followed. 

The effects of a long period of darkness. The observations were made on 
2 dogs, M and G. The changes occurring during the first 28 days were 
discussed above. For dog G (table 4) they may be summarized as follows: 


Fig. 1. The main trend of events following deprivation of light and its read- 
mission. The values for dog M are indicated by thesymbol o, forGbyS, forBby oO, 
for Eby 4, forHby ®, andfor J byz. The numbers along the abscissa axis indicate 
days in darkness and the following light period respectively. 
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decrease in reds, hemoglobin and platelets, and increase in whites. Fol- 
lowing the decrease in reds there is a steady increase until on May 21, 
after 3 months of darkness, the count is 2,400,000 above normal. Some 10 
determinations of red cell fragility were made during this period but no 
constant changes were demonstrated. Two months after the dark period 
started the Hb is about 5 per cent above normal. On two separate occa- 
sions, the 1st and 35th days, the leucocytes show an increase. On June 
11, after three and a half months of darkness, the count is 2,600 below 
normal. The proportion of polymorphs to lymphocytes remains practi- 
cally constant (table 4a). Platelets (direct method) steadily diminished. 
The count on May 14, two and a half months after the beginning of the 
experiment, is 400,000 below normal. At this time the reds are 2,300,000 
above normal and the ratio of platelets to reds is 1:40, in contrast to the 
1:8 ratio at the beginning. The dog was kept in darkness through the 
summer months but work on the physical characters of the blood was not 
resumed until late in the fall. On October 25 the dog became infected 
through a puncture wound in the femoral artery and died of septicemia on 
November 1. It is probable that the prolonged darkness had decreased 
her resistance to infection. 

Dog M (tables 4, 4a) as above noted, unlike the others, shows an initial 
increase in reds. This is followed by a decrease to normal on the 18th 
day after the beginning of darkness, and in turn by a gradual rise cor- 
responding to that shown in dog G, but. not as marked. After 3 months 
in darkness, the count was 1,500,000 above normal. Fragility tests show 
no change or a slight tendency to increased fragility. After 2 months 
percentage Hb is lowered. After an initial increase of 3500 the white 
count also decreased to a value 6000 below normal. Differential counts 
(table 4a) show an increased percentage of polymorphs to lymphocytes. 

Early in November dog M showed signs of not being well. From May 
to October her weight had decreased from 19 to 16.3 kilos. The red count 
on November 7 showed a decrease, the white counts on November 10, 
an increase. These together with signs of malaise and muscular weakness 
made it seem wise to admit light to the room. The platelets increased, 
the reds decreased, typical effects of exposure to radiation. This is fol- 
lowed by a gradual increase in reds with one definite drop of 1,000,000 
below normal on the 10th day (November 21) after the readmission of 
light. A determination of fragility showed a questionable increased resis- 
tance. Percentage Hb diminished with the reds and later rose to nor- 
mal. The whites increased sharply, the highest count (16,000) being 
obtained the day after light was admitted. This was followed by marked 
fluctuations, the number remaining high. 

The effects of the deprivation of light for several months (nine) may be 
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stated briefly as follows: The reds at 3 months are markedly increased 
and at 8 months the number diminishes. Hemoglobin, after an initial 
decrease, shows a corresponding rise with a decrease after 8 months 
The white counts, after an initial increase, steadily diminish. With the 
definite sickness of dog M after 8 months in darkness there was an increase 
which just after light was admitted became greater. Platelets diminish in 
number. 
SUMMARY 


The effects of darkness on some of the physical characters of dog’s 
blood, viz., red, white, total and differential, and platelet counts, and 
per cent hemoglobin have been observed. Total solids, coagulation 
time, pH, and red cell fragility are included in a few series. The outstand- 
ing features of a short period of darkness (15 to 28 days) are: initial 
decrease in reds with return to normal during the dark period. On 
readmission of light continuation of normal values with, in certain cases, 
fluctuating values above and below the normal before a steady level is 
reached and maintained. Initial decrease in hemoglobin with gradual 
return to normal. On readmission of light no immediate change but a 
subsequent slight decrease. A transient increase in whites disappearing 
usually before the end of the dark period. Upon readmission of light small 
fluctuations before attaining the normal level. The differential shows 
evidence of slight changes but varying with individual dogs, some showing 
an increase and others a decrease in polymorphs. Platelets behave simi- 
larly to the reds. The return to light causes a temporary increase. Totai 
solids are low, indicating a dilution of the blood. A slight acidosis is 
indicated. Coagulation time is slightly increased. 

The following points may be noted as occurring during a long period 
(9 months) of darkness: after the usual initial decrease, a steady increase 
in reds for at least 3 months; at the end of 8 months, lowered red counts. 
Upon readmission of light at this time, a further decrease before the return 
to normal. There is indication of slightly increased fragility of red cells. 
Hemoglobin after initial decrease rises in correspondence with the reds. 
At the end of 8 months it is also lowered and a continued decrease, as with 
the reds, occurs at the beginning of the light period. Whites, subsequent 
to the rise occurring at first, show steadily decreasing values until the time 
when acute illness, apparently caused by darkness, is accompanied by a 
marked increase. This increased white count continues temporarily 
upon readmission of light with a gradual decrease. Changes in the per- 
centage of polymorphs to lymphocytes occur in one dog. Platelet counts 
are definitely lowered by darkness, and the return to light causes an initial 
increase above before return to normal. Coagulation time is somewhat 
increased. 
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Again, owing to the varying conditions of observation, quality and 
quantity of radiation, ete., it is difficult to evaluate from a general 
point of view the results of various investigators. It seems fair to say, 
however, that the weight of evidence goes to show that radiation produces 
increase in reds, whites, platelets, hemoglobin, pH, and a decreased coagu- 
lation time and eventual decrease in blood volume, although the early 
effect is an increase. The literature will be found in the preceding paper, 
no. 3 of the series (Miles and Laurens, 1926) while the biological and 
physical methods including the specification of the energy of the carbon 
are used are given in the first two papers of the series (Mayerson, Gunther 
and Laurens, 1926a, 1926b). 

Effects of carbon arc radiation. The dose in this experiment was an hour 
a day at a distance of 40 em. for 8 days. Owing to the importance of 
following the various functions for considerable periods (before, during and 
after the irradiation) it was possible to run only one dog at a time. This 
series was carried out on the dog H referred to in the previous papers and 
corresponds to the second irradiation period described by Mayerson, 
Gunther and Laurens (1926b). The hour’s irradiation was begun at 3 
p.m., blood samples being taken before and after the irradiation in as many 
cases as possible, and at varying periods of time after irradiation in an 
attempt to check up on immediate and delayed effects. The results are 
given in table 1. Immediately after the first day’s irradiation the red 
count is a million higher than the average for the dog. At 1 p.m. the next 
day the count had dropped to normal again. No counts were made im- 
mediately after the second day’s irradiation but at 10 a.m. of the day 
following, the count was up 1,600,000. Following the third day’s irradia- 


1 The data here reported are taken from the Dissertation presented to the Faculty 
of the Graduate School of Yale University in candidacy for the Degree of Doctor of 
Philosophy by Alice L. Miles, June, 1925. 
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tion, the count was 600,000 below the normal average, 2,200,000 lower 


than in the morning. Next morning (the fourth day) the count was normal 
again. No further count was made until the afternoon before the seventh 


irradiation hour (November 24) when an increase of 500,000 above normal 


was found. After irradiation on the seventh day, there was a drop of 


TABLE 1 
Effects of irradiation (1 hour per day for 8 day 


Dog H 


mber 4.. 


November 6... 6.0 85 79 
November 15.... 6.3 80 7.9 

November 17.. 6.4 8.2 4 1:19 
November 18...... : 2 p.m. SS SO 


Irradiation beginning 


mber 5 p.m. 2 3 l 
7:30 p.m 10 9.4 1:11 
0: 7.8 S2 235 53 
November 20. . i 
£:30 p.m. 9.6 4.2 167 1:12 
November 21... 10 a.m. 6.3 75 315) 1:20 
2 p.m. 6.7 70 8.7 OAS | 1:12 
November 24.. ‘ 
5 p.m 5.4 65 (10.9 481) 1:11 
November 25 2 p.m 5.8 70 70 7.9) 384) 1:15 


Irradiation ending 


November 2 3 

December 1 : 5.3 SO 8.5 265 | 1:20 
December 2 §.2 77 

December 4 5.5 79 205 1:2] 
December 6 5.4 70 9.7 198 | 1:27 
December 9 6.2 S2 10.6 1:12 
December 18 64 S.1 

January 27... 7.4 9.4 664 1:11 
March 16... 7.5 177 


800,000 below normal, or a total drop of 1,300,000 from the value 
found immediately before irradiation. The next afternoon before 


irradiation, the count was subnormal by 400,000. One hour after the last 
(eighth) irradiation, the count was 300,000 smaller than it was an hour 


before the irradiation. The reds remained low for about 10 days, the 


count on December 9 being normal, i.e., about two weeks after the 
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TIME REDS 
1924-1925 
H I 
Nov 

ovember 18 
November 25 
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irradiation period. On January 27 (2 months after irradiation) a value of 
7,400,000 (1,200,000 higher than the original level) was obtained. Some 
time later this animal was subjected to a short dark period during which 
the reds decreased slightly. They nevertheless subsequently returned to 
the higher than normal value as found on March 16, 4 months after irradia- 
tion. Unfortunately determinations of blood volume were not made. 
Quite probably irradiation produces an immediate or early hyperemia 
which obscures the specific effect on the reds, namely, a stimulation to their 
formation. 
TABLE Ia 
Effects of irradiation on differential count (1 hour per day for 8 days) 


Dog H 


LYMPHO- 
CYTES 


MONOCYTES 


LARGE MONONU- | 
CLEARS | 


EOSINOPHILES 
LYMPHOBLASTS 
MYELOCYTES 


BASOPHILES 


TOTAL 


November 4. 

November 6... 
November 15.. 
November 17.. 


ooo 
ooco 


67 


Irradiation beginning November 18 


November 18..| 5 p.m. 9.: 16 26 
November 19.. | p.m. 9. : 13 
a.m. 

:30 p.m.) 7 

November 21.. | a.m. 4 

November 24..| 2pm. 19.7) 9 


| & p.m. | 6 1 4 


November 20.4 


} 
oo 


Irradiation ending November 25 


December 6... 9. j 4 31 : 0 0 

Hemoglobin steadily decreased about 15 per cent by the end of the 
irradiation. The rise following was gradual, normality being reached 
simultaneously with that for the reds. As in paper III, the Hb values were 
obtained by another investigator who kindly allowed us to use them here. 

The whites, like the reds and, as will be shown, the platelets, fluctuated 
widely. After the first hour’s irradiation there was a slight increase. 
The next afternoon (1 p.m.) the count was still higher, 1500 above normal 
(normal = 8200). The second hour of irradiation produced no change 
but the count made after the third irradiation was 1000 below normal. 


i 
(1924) TIME | 
= 

8.8 tet 25 4 4 33 3 0 

7.9 67 16 9 8 33 0 0 

7.9 66 20 5 4 29 4 1 

8.2 | 12 7 6 25 8 0 

3 0 0 
6 0 0 
1 5 0 
1 0 5 
0 1 0 
16 
9 32 3 0 3 
2 zi i 3 0 5 
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Before the seventh day’s irradiation, the count was normal; after it, 2,700 
above, though the count next morning was slightly subnormal. In this 
period following irradiation the number of whites gradually increased until 
December 9 when they reached a high value of 10,600. On the 18th 
day the count was normal again. 

An exhaustive study of smears has not been made but table 1a indicates 
the nature of the effects produced. The presence of myelocytes and 
lymphoblasts points to stimulation of bone marrow and lymph-forming 
organs. The numbers increased to a maximum of 27 per cent on the 
seventh day (November 24). The presence of so many immature cells 
decreases the percentage of polymorphs and lymphocytes. The relative 
proportion of large lymphocytes is increased, however, on several days 

TABLE 2 
Effects of irradiation (1 hour per day for 8 days) 
Dog M 


PLATE- 
LET 
REDS RED 
CELL 
RATIO 


DATE 
(1924-1925) 


December 16 ¢ 415 1:14 


Irradiation beginning January 13 


January 15 7| 85 
January 17 3 p.m. | 87 
3 


Irradiation ending January 20 


January 2: a 10 427 
January 7 473 
February 12.......... 7 608 

when the percentage of immature whites is lower. Many smudges were 
noticed, indicating a rapid destruction of white cells. Eleven days after 
the irradiation period the differential was normal. 

The platelet count increases after the first and third irradiation periods 
to drop slightly below normal by next morning. Before the seventh 
irradiation period, no counts having been made since before the fourth, 
the count is 200,000 above normal. This day’s irradiation produced a 
slight lowering and the count is just higher than normal before the last 
irradiation and nearly 200,000 above it following the irradiation. During 
the post-irradiation period the platelets decrease until they are 150,000 
below normal on the 11th day (December 6), after which they show a 
marked rise above normal in agreement with the reds. 


80 11.1 649 | 1:10 

80 10.2 517 | 1:13 

9.0 701 | 1:10 
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Another set of determinations was made on dog M but at longer 
intervals, and only before the day’s irradiation (see table 2). This is 
the dog referred to in the previous articles. She was in a distinctly 

TABLE 3 
Effects of irradiation (2 hours per day for 8 days) 
Dog P 


PLATE- 


DATE piate-| LET: cOAGU- 
(1924-1925) MITES | ETS RED LATION 
T CELL TIME 


RATIO 


November 25 6.9 

November 29.. 6.9 115 
December 2........ 7.0 10.; d :17 
December 3 i 3 :16 
December 4 7.0 : 10.: 


December 4 
December 5 


730 a.m. 
3:30 p.m. 
:30 a.m. 
p.m. 
a.m. 11.! 
p.m. &: 
2 m. ‘ 
p.m. 15.é 


December 6 


December | 


December 


December 


December .| 5 p.m. 4.§ be 13 


Irradiation ending December 11 

382 
426 
385 


December 12 5.4 70 10. 
December 13 5.6 74 70 10. 
December 15 3.. 60 12 
December 16....... &.3 70 543 
December 17 : 70 538 
December 468 
January 17.. ) 91 .6 736 
January 24 8.4 765 
February 3. 94 9.2) 646 
February 6. 92 677 
February 9. : 92 580 


“1 or 


abnormal condition before the irradiation following a nine months’ stay 
in darkness and it was hoped that the irradiation might prove beneficial. 
Red counts on the third and fifth days show no change, but before irradia- 
tion on the eighth day, the count was 1,100,000 above the average of 


HB 
1’ 
vid 
Irradiation beginning December 4 
neues 5 p.m. 6.5 82 14.0 195 | 1:33 ae 
11 a.m. 6.6 80 12.6 109 1:60 25" 
6 p.m. 5.8 70 12.5 | 260 | 1:22 
] ) 341 1:15 
; 170 | 1:33 
432 | 1:12 1()’ 
l 367 | 1:15 
) 239 | 1:23 20 
) 201 1:25 39 
170 | 1:30 
1:15 45" 
1:13 40’’ 
1:15 
1:10 
1:10 
is 
1:10 
a: 
1:12 
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6,200,000 found before irradiation was begun. Following the irradiation 
the reds remained high for only a few days and then decreased steadily to 
the low value (February 12) obtaining at the end of the long period of 
darkness. The irradiation affected the per cent hemoglobin but slightly 
and temporarily. The leucocyte count was decreased by about 2,000 
(see January 20). Within four days (January 24) following irradiation it 
rose to its higher level. The differential was practically unchanged, but 
the presence of many smudges indicated rapid destruction of whites. 

The irradiation evidently influences the number of platelets and quickly. 
They increased to 270,000 above the pre-irradiation average of 428,000, 
and then quickly dropped, to later rise to slightly above normal 
(February 12). 

Somewhat definite results having been obtained with the dosage used in 
these two experiments, it was decided to investigate the results obtained 
when the duration of the irradiation at 40 cm. distance was lengthened 
to two hours. <A small dog (8.7 kilos) with short white hair and unpig- 
mented skin was used. Readings were made before and after each day’s 
irradiation (see table 3). The reds show a definite downward trend. The 
lowest value is reached after the last (eighth) irradiation with a count 
of 4,900,000—a drop of something over two million. The recovery 
was gradual, approximately normal values not being reached until 
4 weeks (February 9) after the irradiation period. Irradiation decreases 
per cent hemoglobin, the lowest value, as well as the lowest red count, 
being obtained after the eighth day’s irradiation. On January 17 it was 
practically normal. The significance of the high value of 83 per cent on 
December 9 is problematic. 

The effect on the leucocytes is a sudden increase which remains, with 
fluctuations, for three days. This is followed on the fifth and sixth days 
by a decrease to about the normal number. (The drop to 7900 on Decem- 
ber 9 is believed to be questionable.) On the seventh and eighth days 
of irradiation there is a second marked increase followed by a drop to 
normal on the first two days of the post-irradiation period. This is 
followed by fluctuations up and down, the count on December 18, 7 days 
after the last irradiation, being only slightly above the value at the begin- 
ning of the experiment. In January and February the count was much 
lower, although the reds and Hb were then approaching normality (but 
see the platelets). 

The differential count is affected similarly but not as markedly so as 
in the case of dog H (see table3a). The percentage of polymorphs remains 
practically constant. On the second and fifth days of irradiation a slight 


decrease is noted together with a higher percentage of monocytes (over 


10 per cent above the average of 25), and a few lymphoblasts and myelo- 
cytes. The count on December 15 (4 days after the end of irradiation) 
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shows a strikingly high percentage of polymorphs with a relatively de- 
creased per cent of monocytes. 

The general effect of the irradiation on the platelets was a marked and 
rapid decrease, although there were wide fluctuations. Following the 
irradiation period, the count rose rapidly to a normal level where it re- 
mained for four days after which it rose to a high level reaching 300,000 
above normal on January 17, 5 weeks after the irradiation. This high 
value was maintained for about 4 weeks with indications of a drop occur- 
ring at that time. 


TABLE 3a 
Effects of irradiation on differential count (2 hours per day for 8 days) 
Dog P 


LYMPHO- 
CYTES 


DATE 
(1924-1925) 


MONOCYTES 


EOSINOPHILES 


LARGE MONONUCLEARS | 
BASOPHILES 


| LYMPHOBLASTS 
| MYELOCYTES 


| 
| 
| 


2 | roTaL 


December 3 
December 4 


ae | POLYMORPHS 


71311 31 61 
2 


oo 


December 4 

December 5 

6 p.m. 
10:30 a.m. |13.6) 
3:30 p.m. 

10:30 a.m. |10.1 
5 p.m. 10.3 
December 11. 5 p.m. 13.0 


December 6 


December 8 


Irradiation ending December 11 


December 15........... (12.7; 80); 6 | 2 | 12 | 20 
71/10/11} 7| 0 
| 7.6) 61 | 4 | 11] 9| 24| 14 


Coagulation time was determined in this series by the method of breaking 
off bits of glass capillary tubing until the presence of a fibrin thread was 
noticed. It is recognized that this method is only roughly indicative, 
nevertheless the values obtained during the irradiation period are con- 
siderably shorter than those found before and sometimes after it. The 
coagulation time was normal on the sixth day after irradiation. It is to 
be noted that the platelet count at this time was low. The changes in the 
blood Ca reported by Mayerson, Gunther and Laurens (1926b), table 6, 


| 
eit 
10.3 21 3 
110.2 14 5 
Irradiation beginning December 4 
64 | 25 1 3 | 29 a 2 0 1 
59 | 28 5 3 | 36 5 0 0 0 
69 | 16 6 4 | 26 2 0 0 3 
74 | 11 5 8 | 24 1 l 0 0 
79; 3] 3} 3; O|} 6 
57 | 22] 6| 37] O| O 
63 | 19 | 9 5 | 33 3 0 0 1 
68 | 20 | 7 2 | 29 2 0 l 0 
0 0 0 
1 0 0 
0 l 0 
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during this period are also not of such nature that they can be held respon- 
sible for the decreased coagulation time. 

Two months later the same dog was irradiated again (table 4). The 
dog’s weight had dropped from 8.7 to 7.9 kilos between December 4 and 
February 2 and continued to fall during and after this irradiation period, 
having decreased to 7.3 by March 2. The values given for the pre-irradia- 
tion period in table 4 are the same as those given at the end of table 3. 
At this time, as stated above, the red count was normal, the white count 
low, and the platelets about 150,000 above normal. Fewer counts were 


made in this series so that the fluctuations due to daily variations are not 


TABLE 4 
Effects of a second irradiation (2 hours per day for 8 days 
Dog P 


TIME REDS - wuites | PLATE- 
LETS 


February ¢ 9.‘ 646 
February 6 3. 92 7A 677 
February 92 580 


Irradiation beginning February 9 


February 13.... 2p.m.| 5. 90 
99 109 


“ebruary 
February p.m. 


Irradiation ending February 


February 6s 85 94 
February 92 91 
March 3 90 
March 16 .€ 78 
March 30 j 


so evident. The general trend of the results with the exception of those 
for hemoglobin corresponds with the first series, table3. There is a lowered 
red count followed, after the irradiation, by a rise to normal and then above. 
An increase in whites during the irradiation period is followed by a 
decrease after it with early fluctuating values. A decrease in platelets is 
followed by an increase near the end of it and then a return to normal, 
following fluctuations and one sharp rise during the post-irradiation 
period. 

The reds were followed with particular interest in this series since it was 
desired to find out whether or not the lowered red count obtained during 


HB PLATE 
DATE rOTAI 
H N 
1:10 
1:12 
8.6 238 | 1:24 | 12.5 
5.6 7.6 445 1:13 
6.0 328 | 1:19 | 168 
5.8 425 | 1:14 | 12.8 
7.0 262 1:23 10.4 
5.6 715 | 1: 9} 18.7 
17.2 
5.1 452 | 1:17 
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irradiation was indirectly due to an increased blood volume which later 
disappearing permitted the increase in reds to become evident. No definite 
statement could be made from the results on the first series with dog P 
since this, the second irradiation, was begun when the red count had risen 
to just about normal. Determinations of total solids and of relative blood 
volume by the Newcomer hemoglobin method were made in the attempt 
to get some idea about blood volume changes and red counts were made 
for some time after the cessation of irradiation. Total solids determined 
on samples taken during irradiation and for some nine days after, are 
considerably below the final value reached after the irradiation period. 
This points to increased blood volume or blood dilution being a result of 
TABLE 4a 


Effects of a second irradiation on diffe rential count (2 hours per day for 8 days 


Dog P 


LYMPHO- 
CYTES 


MONOCYTES 


LARGE MONONU- 
CLEARS 


POLYMORPHS 
EOSINOPHILES 
BASOPHILES 
LYMPHOBLASTS 
MYELOCYTES 


TOTAL 


_ 


February 3.... 
Irr: 


February 13.....| 2 p.m. : 19 
2 p.m. | 76 ) ) 16 


February 10 p.m. ; 5: j 10 34 


Irradiation ending February 16 


February 6.0 65 7 6 18 
February 5.8] 61 6) 9 

February his 7.0 73 10 3 ‘ 17 
March 3.. 5.6 64 bad 8 2 2s 


the irradiation. In contrast there is the increase in per cent hemoglobin 
during the irradiation (unlike the first series when there was a marked 
decrease, and the more or less constant and normal value for Hb during 
the post-irradiation period) which might be due to an actual but obscured 
increase in reds, or to an increase in the amount of Hb in each cell, or to 
decreased blood volume due to loss of water from the blood. Under the 
circumstances it seems that the increase in per cent hemoglobin during 


Fig. 1. The major effects occurring during and after a period of irradiation. The 
values for dog M are indicated by the symbol 05, for H by ®@, for the first irradiation 
period of P by x, and for the second by 0. The numbers along the abscissa axis 
indicate days. 


DATE 
idiation beginning February 9 
0 0 l 0 
6 0 l l 
6 0 
12 ] 4 0 
11 l 2 0 
7 0 3 0 
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irradiation and the constant value after it must be due to an actual increase 
in hemoglobin per cell. The most obvious assumption, in the face of the 
incompleteness and uncertainty of the data, is that the decrease in reds 
is due to an increased blood volume. This, strengthened by the fact that 
the percentage of total solids is lower and continues to decrease, reaching 
its lowest recorded value nine days after the irradiation period, leads to 
the conclusion that the lowered red count is apparent only, there being an 
actual increase obscured by an increase in blood volume. That a definite 
stimulation of the hematopoietic system takes place is indicated by the 
high red counts some time in the post-irradiation period (see the tables). 
Here again we have clear proof of the necessity of following the blood vol- 
ume in such work. This will be done in a new series. 

The increase in per cent hemoglobin observed in this series, the second 
for dog P, is in contrast to the decrease observed in the first and in dog H. 
It is, however, somewhat similar to the results obtained on dog M. It is 
possible that the dog had been affected by the large dosage of radiant 
energy. Her metabolism, as stated above, was definitely changed as 
shown by a distinct loss of weight. 

The differential (see table 4a) shows the same trend of events as in the 
first irradiation of dog P. After the last day’s irradiation the polymorphs 
were relatively decreased with a corresponding increase in monocytes. A 
small number of lymphoblasts and myelocytes were again found and they 
did not disappear from the blood until some time after the cessation of the 
irradiation. On February 20, two days after the irradiation period, the 
smear showed many smudges. 

The major effects of irradiation have been collected for all the dogs in 
figure 1. The effects on normal dogs, allowing for individual differences 
and duration of exposure, are similar. With the exception of the initial 
increase in dog H, the red counts agree throughout with those in dog P. 
In hemoglobin values, dog H and dog P, first series, agree; while dis- 
similar effects are found in dog M and dog P, second series. All except 
dog M showed an increase in whites during irradiation, but the white 
count in this dog was already high and the decrease is attributable to the 
beneficial effects of irradiation. An eventual low white count appears in 
both series for dog P. It is regarded as the effect of the more severe 
irradiation. 

In platelet values all dogs agree during the post-irradiation period. 
During the irradiation period, similar effects are obtained on the dogs 
having corresponding lengths of exposure, and opposite effects occur 
between dogs irradiated one hour per day and those irradiated two hours 
per day. 

However the action of radiant energy may be explained, it is a fact that 
profound photochemical reactions take place at the body surface. The 
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results given in this paper may be most easily, if provisionally, explained 
by assuming that the radiant energy acts upon the skin, where it is ab- 
sorbed and transformed leading eventually, perhaps with the intervention 
of catalysts, to the formation of chemical substances which are in turn 
absorbed by the blood and carried throughout the system. These chemical 
substances stimulate in some way the organs responsible for the formation 
of reds, whites and platelets. When lowered values in these functions 
are found it is probable that increased blood volume itself resulting from 
irradiation obscures the increase. The decreased coagulation time may 
be due to an actual, though obscured by increased blood volume, increase 
in platelets, although other conditions in addition to a quantitative effect 
on platelets undoubtedly influence coagulation time. This dilution of the 
blood may also be the explanation for the lowered hemoglobin values. It 
may be argued that the frequently observed increase in whites disproves 
the dilution theory. It can only be said that an increased blood volume 
was indicated by the evidence at hand and that the whites may therefore 
have been very much more numerous than appeared. If it can be assumed 
that volume changes in the blood do not occur the observed facts would 
indicate an initial inhibition of red cell and platelet forming organs, and a 
stimulation of the white cell forming organs, with delayed stimulative 
effects occurring in the two former later, which seems improbable. Specu- 
lation, however, as to the mode of action of radiant energy is, at this stage, 
not profitable. The work is being continued and with particularattention 
to blood volume changes. 


SUMMARY 


The important effects following the action of carbon are radiation on 
dogs are these: with moderate dosage (1 hour per day for 8 days) an 
initial increase in reds followed by a decrease; with increased dosage 
(2 hours per day for 8 days) an immediate decrease; and with both dosages a 
gradual increase to a new level, 1,500,000 above normal in the post- 
irradiation period. This indicates, we believe, a stimulation of the hemato- 
poietic organs, which is at first obscured by increased blood volume. 
There is a decreased percentage of total solids, further indication of initial 
hyperemia, and decreased hemoglobin, both values reaching normal shortly 
after the irradiation period. In two abnormal dogs, one recovering from 
long confinement in darkness, the other showing loss of weight, due to 
some unknown cause but probably a previous strong irradiation, an in- 
creased percentage hemoglobin was obtained quickly dropping to normal 
in the post-irradiation period. Whites show marked fluctuations above the 
normal level. Following irradiation, the fluctuations diminish and 
finally return to normal. In the dogs having strong dosage this normal 
was not maintained, the count dropping to a still lower level. The 
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differential shows lymphoblasts and myelocytes, increasing lymphocyte 
or large mononuclear percentages, and many smudges. Following irrad- 
iation, there is indication of an increase of polymorphs at the expense of 
the lymphocytes with early return to the normal percentages. With 
moderate dosage, platelets increased; with stronger dosage, they decreased 
followed, in the post-irradiation period, by definite increases above normal. 
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From their observations on the deprivation of chloride in dogs, Cahn 
(1886), Pavlov (1910), Wohlgemuth (1906), Rosemann (1911), Martinet 
(1909) and others came to the conclusion that the reduction of the chloride 
content of the body was responsible for the diminution and arrest of gastric 
secretion. Takata (1920) found that after feeding a Pavlov-pouch dog 
for 60 days on a chlorine poor diet, gastric secretion could still be obtained 
up till the sixtieth day, so long as the animal had not lost its appetite, 
i.e., could eat. Takata also noted that the blood chloride slowly dimin- 
ished toward the end of the experiment. 

The first observation, as far as we are aware, in which the chloride con- 
tent of the blood was examined with special reference to the secretion of 
gastric juice, was made by Zavadsky (1912) who demonstrated that sham- 
feeding (dog with gastric and esophageal fistulae), causes a concentration 
of the plasma and loss of chloride by the red blood corpuscles, in short, 
that “psychic” secretion is accompanied by a fall in blood-chlorides. 

Later Scheer (1920), Boenheim (1921), Salomon (1922), Schober (1923) 
and Dodds and Smith (1923) described a similar fall as occurring in the 
blood chloride (chiefly in the plasma) after the giving of meals to children 
and adults. In none of these observations (except the last) was there any 
adequate attempt made to follow the course of HCl secretion while the 
blood was being examined. Further, the influence of the meal, on the 
absorption of the contained chloride and on the rate of reabsorption of the 
gastric HCl, gives rise to complications in the blood picture. We have 
therefore endeavored to determine the changes in the blood at the same 
time as observing the progress of gastric secretion by methods which would 
permit us to ascertain the changes whicb accompany the secretion of HC] 


alone. 
Metuops. The observations were carried out entirely on dogs,’ some 
‘normal,”’ some with Pavlov-pouch and a few with gastric and duodenal 


' Nearly all were infected with one or more types of (helminth) parasites, 
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fistulae. On the normal dogs, experiments were made in two series. In 
the first, gastric Juice was not collected, so that the gastric content re- 
mained in situ and the animals were not unduly manipulated, i.e., excited. 
In the second series, a Rehfuss tube was passed and the whole gastric 
content continuously aspirated during the time of experimentation. This 
represented a maximal loss of gastric secretion; the same was more or less 
true for the dogs with gastric fistula. In the case of Pavlov-pouch dogs, 
the loss of gastric juice was only a part of the total amount. 
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Fig. 1 Fig. 2 

Fig. 1. Graphs of the whole-blood chloride after an injection of histamine (normal 
dogs without collection of gastric juice). Thescale on the right gives the control chlo- 
ride percentage, i.e., the percentages obtaining before injection, the degree of varia- 
tion from control after injection may be read off from the scale on the left, which is 
graduated in 10 mgm. NaCl per cent. 

Fig. 2. Graphs of the whole-blood chloride after an injection of histamine (Pavlov- 
pouch dogs). Particulars as in figure 1. 

Note, P. 20 A = Pavlov-pouch dog 20, arterial blood analysed; where no letter 
is attached, venous blood was employed for analysis. 


In each experiment, control samples of blood and of gastric juice were 
taken before the stomach was stimulated. Two kinds of stimuli were 
used, psychic, by sham-feeding in the fistula preparation and chemical, 
by the subcutaneous injection of (usually 0.2 mgm. per kilo) histamine 
acid phosphate. By these methods, the influence of meals and their 
contained chlorides was entirely obviated. The analysis of the gastric 
juice was carried out in the usual manner and the secretion of HCl, ex- 
pressed in terms of the output per hour [Lim (1924)] 

The blood chlorides were estimated by the modified Volhard method 
devised by Whitehorn (1920); the protein-free filtrate of the blood, pre- 
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pared according to the Folin-Wu system, as other constituents, were also 
examined. The blood was diluted, treated with tungstic acid, ete., and 
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The arrow indicates the time of injection. 
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letters A or V after the animal number indicate that the analyses were performed on arterial or venous blood. 


Chloride expressed as milligrams NaCl per cent. 


HCl, after an injection of histamine 


the protein precipitated as soon as it was withdrawn; the chloride was then 
estimated in the protein-free filtrate. When data were also required on 
the partition of chloride between plasma and corpuscle, the blood was 
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immediately centrifuged after collection, and the above procedure carried 
out on the plasma, the corpuscle value being calculated. Blood from the 
external saphenous vein was most frequently used, but in a few experi- 
ments arterial blood, directly from the heart, was obtained. 

Resvutts. Out of the seven unoperated, i.e., normal dogs from which no 
gastric juice was aspirated, a fall in blood chloride was found in six animals, 
a rise in one. The fall in blood chloride was preceded, in two cases, by 
an insignificant rise. The maximum fall occurred from 40 to 80 minutes 
after the injection, the majority recording the longer period (see fig. 1). 

Six of the eight Pavlov-peuch dogs showed the fall in blood chloride, 
the maximum fall appearing in most cases from 60 to 120 minutes after 

injection; the other two animals exhibited 

a rise. The distribution of chloride be- 

tween corpuscle and plasma was examined 

in six of the animals. The analysis showed 

that the fall occurred in both plasma and 

corpuscle (one exception), but was rela- 
tively greater in the latter (see fig. 2). 

An exact correlation with HCl secretion 

could not be obtained in every instance, 

2 although in three instances, the maximum 

awaasl fall in the corpuscle chloride coincides with 


ne 


ConTeot the maximum secretion of HCl. There 


vawwes 


mgr. % was also no relation between the magnitude 


NaCl . . . 
of the fall in chloride, either of the whole 


blood, or of the corpuscle, or of the plasma 
Fig. 4. Graphs of the whole- and the output of gastric acid(see fig. 3). 


blood chloride after an injection A fall in whole blood chloride was inva- 
of histamine (normal dogs with 
collection of gastric juice). Par- 
ticulars as in figure 1. 


riably observed in the six observations on 
normal dogs, in which the entire gastric 
contents were continuously aspirated. 
Here the maximum fall coincided more closely with the maximum secre- 
tion of acid, but as in the case with the Pavlov-pouch animals, there 
was no correspondence between the amount of fall and the amount of 
secretion (see fig. 4). 

In view of the indefiniteness of the relation between blood-chloride and 
gastric HCl hitherto observed, it was of interest to examine the condition 
of the former during prolonged gastric secretion. Accordingly oppor- 
tunity was taken to analyze the blood of several Pavlov-pouch animals 
which were being subjected to hourly injections of histamine (four dogs 
injected for twelve hours and four for twenty-four hours) in an endeavor 
to induce gastric secretory fatigue [see also paper by Lim and Liu, (1925)]. 
The blood was analyzed at intervals of four or five hours. The results 
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show that during the first six hours, the degree of fall in the blood chloride 
is slight and apparently independent of the amount of acid secreted. By 
the sixth to the twelvth hour the maximum fall has occurred, and there- 


Fig. 5. On the left, graphs of the whole-blood chloride and the output of HCl (col- 
umns) during hourly injections of 0.2 mgm. histamine per kilo (Pavlov-pouch dogs). 
On the right, graphs of whole-blood, plasma and corpuscle chloride with the output 
of HCI (columns) during half-hourly injections of increasing doses of histamine, 
see table 2. Upper two curves, dotted line = corpuscle; unbroken line = plasma; 
lower curve = whole-blood. Chloride expressed as milligrams NaCl per cent. (Dog 
G-17, gastric fistula). X’ = meal with water given; X = water alone given. 


after the level is fairly well maintained until the end of the observation 
The giving of food does not raise or even prevent the fall in the blood 
chloride, which occurred whether the secretion of acid is maintained at 
a high level or not (see fig. 5). . 
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Considering the amount of Cl removed from the body by the collection 
of the gastric juice in this and also in the preceding series of observations, 
the fall in blood chloride is so small that there is obviously a balance 
between the intensity of the secretion process on the one hand and the 
amount of Cl available in the tissues on the other. 

For example, in dog P. 45, which weighed 7.9 kilos and was injected 
hourly with 0.2 mgm. per kilo of histamine for twenty-four hours, the 
total blood volume was approximately 553 cc., calculating on the basis 
of 70 ce. per kilo body-weight. According to figures given by Rosemann 
(1910), the Cl content of the dog is about 1.12 gram Cl per kilo body- 
weight: we may therefore assume that our dog possessed a total of 8848 
mgm. Cl. During the control period, the blood Cl stood at 357 mgm. Cl 
per cent, giving a total value of 1974 mgm. Cl for the whole blood at the 
beginning of the experiment. At the end of four hours, the blood Cl was 
reduced to 328 mgm. Cl per cent, and there were 54 cc. of fluid and 238 
mgm. Cl lost in the gastric juice. If it is assumed that the blood volume 
is unchanged, that is to say, that the fluid lost in the juice is made good, 
then there remains 1814 mgm. Cl in the blood, representing a loss of only 
160 mgm. Cl, against 238 mgm. Cl actually obtained from the stomach. 
On the contrary, if we assume that the loss of fluid from the blood is not 
improved at all, there can only be 1637 mgm. Cl left in circulation, giving 
a loss of 337 mgm. Cl against the 238 mgm. Cl in the gastric juice. Since 
no food or water was given, it is obvious that a compensation of both 
fluid and Cl occurs. 

In the case of G. 17, hemoglobin estimations showed that the blood vol- 
ume is probably diminished within one hour of the commencement of 
injections from 504 to 471 ec. and at the end of 10 hours to less than 400 
ec. During this period, 743 cc. of gastric juice and some 30 cc. of urine 
were secreted, showing very clearly that the tissues had provided about 
600 ce. of fluid and the blood over 100 ce. The blood Cl before injection 
was found to be 308 mgm. Cl per cent, giving 1552 mgm. Cl for the whole 
blood when calculated on the basis of 504 ec. total blood. At the end of 
ten hours, the total blood Cl amounted to 895 mgm. Cl showing a reduction 
of 657 mgm. Cl whereas some 3956 mgm. Cl were actually lost in the gas- 
tric juice. There is here clear evidence that the Cl concentration in the 
blood is maintained by the incoming of Cl and fluid from the tissues. 

In dog P. 45, at the end of eight hours’ stimulation the Cl percentage 
was 308, while at the end of twelve hours it was 304, showing that the 
marked fall observed in the prolonged experiments was arrested and main- 
tained at a lower level. Thus if gastric secretion is of short duration, the 
blood Cl is fairly well maintained, only showing a slight fall, but if the 
secretion is prolonged and not permitted to be reabsorbed (e.g., by col- 
lecting) the slight fall becomes at a certain period more marked or abrupt, 
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denoting a sudden failure of maintenance, until the Cl tension of the blood 
is reduced to the level which equals the maintenance value of Cl and fluid 
which is now available. 

While it is clear, therefore, that the secretion of HC] by the gastric gland 
is the fundamental cause of the fall of the blood chloride, the actual rate 
at which the latter falls is largely independent of the former. Since, how- 
ever, the blood Cl depends upon the equilibrium established between the 
supply of new Cl and fluid from the tissues (and on absorption of neutral- 
ized HCl) and the loss of Cl and fluid in the secretions, it is also clear from 
the evidence presented that the rate of fall of the blood Cl is primarily 
determined by the income of materials from the tissues. Any failure on 
the part of the tissues may be assigned to one or both of two causes: 1, 
the reduction of the Cl content of the body below a critical value, or 2, 
the reduction of the water content of the body below a critical value. 

With regard to the first, Rosemann (1911) believes that when the total 
Cl in the body is reduced by 20 per cent gastric secretion ceases. He 
explains this on the ground that the body has only this 20 per cent of Cl 
available for the production of HCl. We have found [Lim and Liu, 
(1925)] that in several experiments, secretion began to fail when some 20 
per cent of the body Cl is secreted as HCl, but as some of the animals were 
fed, it must be supposed that in the latter the loss was actually not so 
great. In any case, however, secretion could still be obtained in one 
animal when 41 per cent of the body Cl had been transformed into HCI. 

Thus in the case of dog P. 45, which received no food or water, over 20) 
per cent of the body Cl was lost without affecting the rate of secretion of 
HCl by the stomach. In this case, it may be noted, the blood chloride 
fell (after the loss of 2.7 per cent of the body Cl) in exactly the same way 
as in the other animals which had been fed. 

In another (unfed) dog, G. 17, maximal doses of histamine were given 
half-hourly until the animal succumbed. Gastric secretion was obtained 
up till the last, the total secreted being 743 ec. of juice and 3190 mgm. of 
Cl. A marked drop in the amount of secretion occurred after the fourth 
hour, while at least two hours previously the blood Cl had begun to fall. 
When the latter occurred, more than 12 (Cl as HCl) or 16 (Cl) per cent of 
the total body Cl had been secreted, while the former did not take place 
until 32 per cent of the body Cl had been evacuated. 

In the other animals, the Cl percentage of the blood began to fall after 
various losses of Cl (see table 1). 

It is thus evident that the marked fall in the blood Cl is not dependent 
on the loss of a fixed percentage of Cl by the body. Indeed, the degree 
of loss which may be suffered is so variable that it cannot be regarded as a 
critical factor in bringing about the “failure on the part of the tissues.” 

The second factor, namely, a fixed loss of body fluid, also bears no con- 


TABLE 1 


PERCENTAGE LOSS OF PERCENTAGE LOSS OF FLUID 


ANIMAL 
Cl (SEcRETED as HC] GASTRIC JUICE 


0. 


9.8 

14, 
18.4 
A 


1 


Table showing the approximate percentage loss of Cl and fluid at the point when 
the biood Cl begins to fail, i.e., just previous to the commencement of the maximum 
fallin blood Cl. The Cl loss is calculated from the output of HCl and is expressed as 
a percentage of the total body Cl [1.12 grams Cl per kilo body-weight (Rosemann)]. 
The fluid loss is obtained from the quantity of gastric juice secreted and is expressed 
as a percentage of the blood volume (70 cc. per kilo body-weight). 


TABLE 2 
Dog G. 17 


GASTRIC JUICE 


PROCEDURE 


put 


Cl given up by | 
tissues* 


HCl output 
Blood volume* 


pH 
| Pepsin output 


| Cl out 


| 
| 
| 


mgm. | mgm. 2 ’ mgm. 


Control. 
(Histamine 
injected 
half-hour- 

ly; dose 
per hour) 
.1 mgm. 
.5 mgm. 
.8 mgm. 


1.5 366.4 472. 4 1460 
1.3 596.6 699 
1.2439.6 545.7 1139 

.8 mgm. 1.1663.6,772.6 

2.7 mgm. 1.2\362.2'405.8) 15.0) 1112 

.8 mgm. 1.2 293. 4.337. 
1.4/183.2|241.2) 27.0) 218 | 955 5 438 
1 6207.5 11.7 
1 .6 163.5) 30. 190 | 737 | 130 | 388 ‘ 19 
1 .6| 91.2)115.2| 222 | 895 | 125 | 403 | 232 31 


6 mgm. 
8S mgm. 
mgm. 
8 mgm. 16 


*The fluid derived from the tissues*is calculated from the difference between the 
volume of gastric juice secreted and the blood volume last recorded and the differ- 
ence between this value and the new blood volume. The blood volume is originally 
obtained from the kilo body-weight X 70 cc., and the subsequent values from the Hb 
estimations. The values above calculated are at best rough approximations, and are 
only given as a basis of comparison. 
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stant relationship to the fall in blood Cl (see table 1), but if both the 
quantity of fluid and Cl which the tissues may be supposed to supply to 
the blood be calculated (e.g., in dog G. 17, in which sufficient data are 
available, see table 2), it will be seen that there is a failure on the part 
of the tissues with reference to Cl and fluid at about the same time as the 
blood Cl begins to fall. It is obvious that dehydration will tend to raise 
the Cl concentration of the tissues, while this in turn will tend to recall 
fluid back to the tissues. At the same time, however, as dehydration is 
occurring, there is also a passage of Cl into the blood thus diminishing the 
effect of pure dehydration, i.e., assisting rather than preventing dehydra- 
tion. 

For these reasons it is probable that when the lowest limit of turgescence 
of the tissues is reached, the saline concentration is not disturbed to the 
same extent. Should this reasoning be true, it would point to dehydration 
being the more important factor. 

While there is no fixed loss of either Cl or fluid, it has been noted that 
both the Cl and fluid income from the tissues fails at about the same time, 
showing that the failure is largely determined by the interactions of the 
two factors themselves. Since the ratio of Cl to fluid in the gastric juice 
is relatively constant, it is to be expected that the loss of Cl and fluid from 
the tissues must be constant in the same proportion. The rate of secretion, 
however, will affect the critical point at which the tissues will fail, largely 
because with a slow rate of secretion, there may be readjustment of Cl 
and fluid distribution which might enable the tissues generally to maintain 
the supply of Cl and fluid to the blood for a longer period than with the 
more rapid rates of secretion. This may account for the apparent want 
of relationship between the percentage loss of Cl and fluid and the fall of 
blood Cl. 

It is interesting to note that even with low concentrations of Cl in the 
blood, the gastric gland can still function. It demonstrates the fact that 
in any competition for these materials, the gastric glands easily overcome 
the call of the other tissues, and may do so to the point of inducing death. 

It is necessary to make a passing mention of the fall in blood Cl which is 
observed after a single injection of histamine. In a few experiments the 
fall registered is greater than that observed at a much later period during 
continuous stimulation. 

In the short experiments, however, blood was frequertly withdrawn 
in the course of one to two hours, which may have exaggerated the fall 
observed in these cases. Or it may be that the mechanism of compensa- 
tion takes a little time to act. 

Dodds and Smith (1923) have noted that after a meal, the blood chloride 
(plasma and corpuscle) falls. After forty minutes, recovery takes places 
and the corpuscles increase their chloride content above the normal value, 
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while after ninety minutes there is a return to the control conditions. The 
authors suggest that the increase in corpuscle chloride is due to the rise 
in the COs, tension of the blood, which also occurs during gastric secretion 
[Porges et al, Cohnheim, etc., see (1925)]. 

It has already been shown by Lim, Matheson and Schlapp (1923) that 
the alveolar CO, is sometimes raised by histamine injections; we have in 
some preliminary experiments found (in collaboration with Dr. K. K. 
Chen) that in our Pavlov-pouch dogs, histamine raises the COz combining 
power of the blood (arterial estimated) when the amount of secretion is 
large, but that there is apparently no change when the secretion is slight. 
The rise occurs within thirty minutes and persists for about an hour. 

The corpuscle chloride, in two animals showed a rise above the control 
level following the usual fall, the “‘over-recovery’’ commencing after the 


I Dec. 2-2.30pm. 
Gastrectomy performed 
under Novecame Ernen 


Dec.3i* Spm 
His injected 


Dec. 29™ 1924 5.50pm Dec.Si** 1924 10.50am. 
0.16 arm. kilo Histamine injected 


! 
Lumina injecled. 


Dec. 50™ 1924 
Gagrecsromy performed 
under Novocaine Gec,! 


Dec 3.50pm 
Histamine injected 


Hour 0.2 mgrm. AK. Rislamin 0.2 m.p.k. Frislamine 40.2 m.p.k. kislamine 


Fig. 6. Graphs of whole-blood chloride and the output of HCl (columns) after 
histamine injections in a dog under luminal anesthesia, before and after the remova}) 
of the stomach. 


first hour, but in two others, the rise occurred first (see fig. 3). It is pos- 
sible that the rise in the corpuscle chloride is associated with an increase 
in the CO, tension of the blood; at any rate the facts by which variations 
in the partition of Cl between plasma and Cl are usually explained, are 
available with histamine stimulation of gastric secretion. 

To control the effect of histamine itself, histamine was injected into a 
dog under luminal anesthesia, before and after the aseptic removal of the 
entire stomach. Before gastrectomy, the usual fall in chloride was ob- 
served in the blood (three observations), secretion being obtained in spite 
of the deep narcosis, while after removal of the stomach (under light 
ether), the fall in the blood chloride was abolished. This result shows that 
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single injections of histamine have no influence on the movement of blood 
chloride (see fig. 6). 

Further control of the effect of histamine was obtained by employing 
cephalic or psychic stimulation, which was carried out in three dogs with 
gastric and esophageal fistulae. In these, the same type of changes in 
the blood chloride occurs as when histamine is injected. The results from 
sham-feeding with water and meat are given in figure 7. 


Fig. 7. Graph of the whole-blood chloride and the output of HCI (columns) after 


psychic secretion (dog with esophageal and gastric fistulae). 
The vertical dotted lines indicate the duration of the sham-feeding, on the first 


occasion with water and on the second with meat. 


CONCLUSIONS AND SUMMARY 


1. A fall in the chloride concentration of the blood follows the gastric 
secretion induced by psychic stimulation or by histamine injections. This 
fall is relatively greater in the corpuscles than in the plasma, but the cor- 
puscles in some cases recover their chloride before the plasma. Single 
injections of histamine have no influence on blood chloride after removal 
of the stomach, showing that the fundamental cause of the fall of blood 
Cl is the secretion of HCI. 

2. Prolonged stimulation of gastric secretion produces a marked fall 
of blood chloride which is apparently independent of the rate of secretion 
of HCl. It is shown that the level of blood chloride is higher than can be 
accounted for by simple loss of Cl in the gastric juice, so that the actual 
concentration at any moment is dependent more on the balance between the 
income of Cl and fluid from the tissues on the one hand, and the secretion 
of Cl and fluid by the stomach on the other. The rate at which the blood 
Cl falls appears to be largely dependent on dehydration although the giving 
up of Cl by the tissues influences and is in turn influenced by dehydration. 
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3. In spite of the dehydration and the large amount of Cl lost, amount- 
ing in one animal to 49 per cent of the total body Cl, the gastric glands 
continue to secrete. The practical independence of the acid secreting 
cells of the concentration of Cl in the blood largely explains why the stom- 
ach is not fatigable under physiological conditions. 
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THE BLOOD SUGAR AFTER ASPHYXIA IN “DECAPITATE 
CATS” AND ITS RELATION TO THE 
ADRENAL GLANDS 


J. M. D. OLMSTED 


From the Physiological Laboratory, University of Toronto 
teceived for publication October 6, 1925 


The blood sugar in the ‘‘decapitate cat” is always high immediately 
after the operation of removing the head. This is no doubt due to the 
action of the anesthetic which is employed. The value found during the 
first two hours after decapitation is practically always above 0.2 per cent 
and it may sometimes be over 0.4 per cent. This initial value is more 
often higher in cats which have been fed than in those which have been 
starved for the 24 hours preceding the operation. In such preparations, 
of course, artificial respiration is necessary and the temperature must be 
maintained at 37°C. With constant temperature and adequate ventila- 
tion the blood sugar falls gradually after decapitation until at the end 
of 5 or 6 hours it reaches a level of approximately 0.1 per cent. It then 
remains constant for hours. In one case the blood sugar was 0.104 per 
cent 28 hours after decapitation. Figure 1 shows the values obtained in 
five control experiments. 

In estimating the blood sugar the Shaffer-Hartmann method was used 
with a slight modification. Instead of using 1 cc. of blood, 1 ce. of 10 
per cent sodium tungstate, etc., one-fifth of these quantities was used. 
The blood was laked in centrifuge tubes and the precipitated proteins 
were thrown to the bottom of the tubes by centrifuging. One cubic centi- 
meter of the water-clear supernatant fluid was drawn into a pipette 
through a layer of moistened cotton-wool which had been washed for 
days in running tap water to free it from soluble reducing substances. 
The heating was done in test tubes tightly corked to prevent evaporation. 
The amount of thiosulphate required in titration was multiplied by 5 
and the corresponding value of sugar was calculated from tables. This 
method was found to check well with the usual one in which the larger 


quantity of blood and reagents is used. The blood was taken directly 
from the carotid artery into the measuring pipette, first allowing a drop 
or two to escape. No oxalate was used. The removal of a considerable 


number of samples in such small quantities does not injure the prepara- 
tion. 
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The asphyxial condition was produced in two ways: first, by cutting 
down the ventilation to a comparatively low rate over a long period— 
several hours if necessary—auntil convulsions occurred; second, by sud- 
denly cutting off the air supply for a number of minutes until there were 
unmistakable signs of asphyxia. 

Figure 2 shows the results of the first method. In many cases an 
additional 0.1 ec. of blood was taken in a special pipette out of contact 
with the air for an estimation of the percentage oxygen saturation of the 
hemoglobin. For this purpose the Barcroft differential manometer 
method was employed. The cat in this particular experiment (fig. 2) 
had been starved during the 24 hours preceding the experiment. Four 
hours after decapitation the blood sugar was 0.16 per cent and the oxygen 
saturation was 81 per cent. An hour later the ventilation was cut down 
from 5 to 2 liters per hour. It will be seen from the curve that the oxy- 
gen saturation fell gradually during the next 2} hours to 20 per cent. 
The blood sugar, however, remained in the neighborhood of 0.1 per cent 
during this time. Violent convulsions occurred just before the third 
hour after reducing the ventilation. Blood taken at this time showed 
an oxygen saturation of 7 per cent, but the blood sugar had risen to 0.166 
per cent. Immediately after taking the sample, full ventilation was 
restored, the oxygen saturation rose at once, and the blood sugar began 
to fall. Five hours later it was 0.12 per cent. 

Figure 3 shows the results of a similar experiment but in this case the 
cat was not starved. The reduced ventilation produced convulsions in 
half an hour, and the blood sugar rose from 0.17 per cent to 0.314 per 
cent. 

Figure 4 shows the record of a starved ‘‘decapitate cat” in which the 
ventilation was lowered in two stages. The blood sugar rose to 0.26 
per cent, and continued to rise for half an hour after full ventilation had 
been restored. This preparation showed most pronounced signs of as- 
phyxia; first there was scratching with hind foot, then convulsions oc- 
curred in which the hind legs were drawn up around the neck. The neck 
itself was drawn back; all muscles of the thorax were thrown into spasm; 
the hair along the back, and especially at the base of the tail became erect, 
and vigorous intestinal movements were visible beneath the skin; finally 
the preparation became quite limp, its reflexes were practically gone, 
and the heart became very labored. Increased ventilation restored nor- 
mal activity within 15 minutes, the reflexes returned, the hair smoothed 
down and the intestinal movements ceased. Four hours later the blood 
sugar had returned to 0.12 per cent. Another preparation was inade- 
quately ventilated for 5 hours, starting from the time of decapitation. 
This was an unfed cat. Judging from the control preparations, if there 
had been adequate ventilation the blood sugar at the end of 5 hours 


“SOPNULUT OE ayenbopeul Poa} JO UTC pus Ivsns pool” | 


sanon 


+ 


ADRENALS 


4 


< 
wt 
ro) 


ASPHYXIAL 


D 489 
« 
& 8 | 


poolq oY} FE YO A 


BY} OF BNP YSTY SVM 
L 9 “314 


G ‘SL 


veo 


& 9 Ss 


9 b & 


! 

> 
~ 
» 
4 


490 J. M. D. OLMSTED 
e 
t 
ry cut_. pet ~~ 
- 
3 
vi 
a 
bbe 
a 
2 
' 
3 
> 
3 g 


ASPHYXIAL BLOOD SUGAR AND ADRENALS 19] 


should not have been more than 0.2 per cent. In this preparation it was 
0.39 per cent. After adequate ventilation had been given for half an 
hour the blood sugar was even higher than before, i.e., 0.396 per cent, 
but it began to fall and at the end of 5 hours it was 0.098 per cent. 

In the second type of experiment where the air was totally cut off for 
a few minutes, it was found that the preparation might have violent 
convulsions, the hair might stand on end and vigorous peristalsis of the 
intestine occur, and yet there was no perceptible change in blood sugar 
if the period of asphyxia was not sufficiently prolonged. Thus, shutting 
the air off for 2 minutes had no effect upon the blood sugar in three cases, 
though the other symptoms were present; in three other cases in which 
there had been a previous period of asphyxia, the blood sugar was in- 
creased by 0.02 per cent, 0.025 per cent and 0.06 per cent. Figure 5 
shows the effect of three successive periods of asphyxia in the same prep- 
aration, the first two lasting over a period of 1} minutes, and producing 
violent convulsions, erection of the hair, and intestinal peristalsis, but 
no rise in blood sugar; the third, lasting for 2} minutes giving rise to the 
same symptoms, together with an increase in the blood sugar. In general 
longer periods of asphyxia were found to give correspondingly higher 
values of blood sugar. The failure of the blood sugar to rise after the 
first two periods of asphyxia in this case cannot be due to the relatively 
high value of the blood sugar at the time when the air was shut off, i.e., 
0.29 per cent and 0.2 per cent, since in a similar experiment shown in 
figure 6 the blood sugar rose from 0.29 per cent to 0.38 per cent after 3} 
minutes of asphyxia. 

These results bear out the assumption that the percentage of blood 
sugar is proportional to the H-ion concentration in the blood resulting 
from asphyxia. The blood sugar rises only when a certain limit of H-ion 
has been reached, and once ventilation is started again the fall is quite 
rapid. This is well shown in figures 3 and 6. These should be contrasted 
with figures 2 and 4 where the fall is much slower. Evidently in the 
latter cases the longer period of slow asphyxia had resulted in a considera- 
ble accumulation of COs, ete., in the tissues, which could not be removed 
so quickly as the presumably much less quantity resulting from the 
briefer periods of asphyxia. 

It was found that the air supply could be shut off several times in 
3- or even in 4-minute periods, without obvious injury to the preparation, 
if a sufficient interval was allowed for recovery under adequate ventila- 
tion, e.g., the reflexes, heart action, etc., became normal within 10 to 15 


minutes. But as a rule with each successive period of asphyxia the blood 
sugar tended to remain at a slightly higher level than before, and also 
to rise to a greater height each time. Table 1 gives the data obtained 
from experiments on short periods of asphyxia. 
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The previous experiments suggested that the muscular movements 
during convulsions, vigorous though they were, could not be responsible 


TABLE 1 
Effects of asphyxia on blood sugar in decapitate cats 
| 
| HOURS | PERIOD OF } BLOOD SUGAR 
AFTER ASPHYXIA | | DIFFER- 
DECAPITA~ | IN ENCE 
TION MINUTES Before After 


PREPARATION 


April 6th, fed 6 | 0.180 | 0.170 
. 0.136 | 0.136 


April 7th, unfed . } | 0.304 | 0.290 
| 0.202 | 0.200 
O88 | 0.134 


April 8th, unfed 3} : 110 


April 18th, fed 2} 3} | 0.290 
April 19th, unfed 2} 2} 288 
y 136 
068 


April 21st, unfed 4 117 
| 090 


April 23rd, unfed 
April 27th, fed 


April 29th, fed A 
April 29th, fed B 
May 2nd, fed, curarized 


May 8th, unfed A 
May 8th, unfed B 


May 20th, unfed 


Adrenals, now tied off 


May 23rd, fed 54 : 246 
261 


Spl bai 188 0 
Splanchnic nerves now cu ‘ 10; | ‘ 112 | 0.141 0.029 


for the rise in blood sugar since the convulsions always occurred earlier 
in asphyxia than the rise in blood sugar, and if full ventilation was begun 


| 
| 0.048 
0.182 | 0.072 
0.378 | 0.088 

0.270 | 

0.136 
0.094 0.026 
0.180 | 0.090 
5} 53 0.158 | 0.300 | 0.142 
5} 3 | 0.114 | 0.232 | 0.118 
63 3 0.184 | 0.264 | 0.080 
| 

5 43 | 0.263 | 0.446 | 0.183 
5 | 43 | 0.195 | 0.440 | 0.255 
4 | 33 | 0.204 | 0.406 | 0.112 

4} 25 | 0.368 | 0.308 | 
P| 65 | 23 | 0.136 | 0.140 | 0.004 
1} 4 | 0.172 | 0.264 | 0.092 
3} | 0.202 | 0.260 | 0.058 
ee 5h 4 | 0.158 | 0.175 | 0.017 
5 | 3 | 0.107 | 0.213 | 0.106 
0.107 
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soon enough no rise in blood sugar took place in spite of them. To test 
this more fully a decapitate preparation with adequate ventilation was 


injected with curare in several small doses until movement of the skeletal 


muscles could no longer be evoked by severe pinching of the toes and 
skin. The blood sugar fell just as in the control preparation shown in 
figure 1. Six and one-half hours after decapitation the blood sugar was 
0.144 per cent. Hourly samples for the next three hours showed a con- 
tinued slight fall. During all this time it was impossible to elicit any 
reflexes from the preparation. At the end of this period a feeble response 
was given to very strong stimuli; the blood sugar was 0.117 per cent. Two 
hours later reflexes were normal and the blood sugar was 0.121 per cent. 
From this control experiment it would appear that curare per se does not 
cause hyperglycemia. 

Curarized decapitate preparations, however, do show the characteristic 
rise in blood sugar during asphyxia. One preparation was injected with 
curare 2 hours after decapitation. Half an hour later the blood sugar was 
0.36 per cent, and in another half hour it was 0.294 per cent. The air 
was then shut off for 33 minutes and the blood sugar rose at once to 
0.406 per cent, subsiding in 10 minutes to 0.368 per cent. During the 
period of asphyxia there was not the slightest movement in the skeletal 
muscles. The hair, however, became erect at the end of 3 minutes. 
This and the labored action of the heart were the only movements to be 
seen. Macleod (1913) had already noted that in dogs injected with 
curare the blood sugar rose though to a less degree, if artificial respiration 
was used to prevent asphyxia. 

Although in the curarized preparation the hair rose during asphyxia, 
yet it was not evident that the autonomic system was responsible for 
the hyperglycemia, since in the previous experiments a degree of asphyxia 
sufficient to cause erection of the hair did not cause a change in the blood 
sugar. Naturally one would look to the adrenal glands as the possible 
agents. Two types of experiment were tried, in one the adrenal glands 
were carefully dissected loose from the fatty tissue surrounding them, 
trying if possible not to put pressure directly on the glands, and then a 
ligature was tied tightly just beneath them cutting them out of circula- 
tion; in the other, the splanchnic nerves were cut in the vicinity of the 
pillars of the diaphragm, a procedure which should sever the greater part 
of the nerve connections with the adrenal glands. In control prepara- 
tions of both types it was found that the blood sugar fell to the normal 
level, i.e., about 0.1 per cent, faster than in the previous preparations. 
This is shown in figure 7 in which the two curves from figure 1 which 
show the sharpest fall in blood sugar have been plotted on the same graph 
as a typical adrenal-less preparation, and one with the splanchnic nerves 
cut. 
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The results of short periods of asphyxia in these two kinds of prepara- 
tions are given in tables 2 and 3. Asphyxia lasting 3} to 4 minutes which 
did not fail to cause pronounced rise in blood sugar in the previous experi- 


TABLE 2 


Effects of asphyxia on blood sugar in decapitate cats, with the adrenal glands tied off 


HOURS PERIOD OF BLOOD SUGAR 
AFTER ASPHYXIA DIFFER- 
DECAPITA- IN ENCE 


PREPARATION 
MINUTES Before After 


0.088 0.093 0.005 


May 18th, fed.... ee) ) 3 +1 0.099 | 0.112 0.013 
3 | 0.121 | 0.134 0.013 


0.087 0.084 
May 19th, fed ieee d 0.069 | 0.098 | 0.029 
0.081 | 0.111 | 0.030 


May 20th, (see table 1) oe 5} ‘ 0.158 0.175 0.017 


May 22nd, fed oe bd ee 5} | 34 0.113 | 0.121 0.008 


TABLE 3 
Effect of asphyxia on blood sugar in decapitate cats with both splanchnic nerves cut 
HOU KS | PERIOD OF BLOOD SUGAR 
AFTER ASPHYXIA DIFFER- 


DECAPITA- IN ENCE 
TION MINUTES Before After 


PREPARATION 


12th, fed + ‘ 0.118 0.001 


). 157 ).026 

th, fed A ( 15 0.026 
159 0.002 

131 0.010 

13th, fed B ‘ 157 0.035 
165 0.039 


132 0.016 
130 0.002 
173 0.041 
168 0.020 
.195 0.028 


9 .167 | 0.188 | 0.021 


ay 23rd (see table 1) 
May 23rd (see table 1 103 0.141 0.029 


ments, in the adrenal-less preparation, caused no rise or at the most a 
rise of 0.03 per cent. Similarly in those with the splanchnic nerves cut 
there was only a slight rise, the maximum being 0.041 per cent. In all 


53 34 
Moy 
May 
May 

33 4 0.116 0 

5h 3 0.128 | 0 
May 22nd “s 6} 3 0.132 | 0 

73 3 0.148 | 0 

9 3 0.167 0 
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cases, however, there were the typical symptoms of asphyxia including 
erection of the hair. 

In one experiment a decapitate preparation was subjected to asphyxia 
before and after cutting the splanchnics. The animal chosen was a 
very large well-fed cat in excellent condition. It was decapitated and 
adequately ventilated for 5 hours. It was then subjected to three periods 
of asphyxia at intervals of over an hour apart, the first two for 3 minutes 
each, the last for 2} minutes. The rise of blood sugar in each case was 
more than 0.1 per cent. It was difficult to obtain blood after the last 
period of asphyxia on account of the tendency to clot. The heart stopped 
for a few seconds and the preparation became quite limp with its hair 
all standing on end, and no reflexes could be elicited, yet with full ventila- 
tion and massage of the heart through the thorax wall all functions returned 
within 15 minutes. Then the splanchnic nerves were cut on both sides. 
An hour later the preparation was again asphyxiated for 2} minutes. 
The rise in blood sugar was only 0.021 per cent. The blood flowed much 
more easily and had no more tendency to clot than in a fresh preparation. 
The same symptoms, however, were observed as before cutting the splanch- 
nics, i.e., scratching, vigorous convulsions, hair erect over the entire 
body, and vigorous intestinal movements. The heart continued to beat 
without the need for massaging, though only feebly. An hour later the 
preparation was again asphyxiated, this time for 3 minutes, because it 
appeared to be in a much better condition than at the time of the last 
period of asphyxia before the splanchnics were cut. Even with this 
longer period of asphyxia the heart beat could still be readily felt at the 
end of the period. The blood sugar rose only 0.029 per cent. Within 
5 minutes after restored ventilation reflexes were as brisk as in a fresh 
preparation, and the heart as strong as ever. In another decapitate 
preparation the same procedure was followed except that in this case 
the adrenals were tied off. The blood sugar 3} hours after decapitation 
was 0.202 per cent. The air was then shut off for 4 minutes and the 
blood sugar rose to 0.260 per cent, an increase of 0.058 per cent. The 
adrenal glands were tied off an hour later. In half an hour the blood sugar 
was 0.158 per cent. The preparation was then asphyxiated for just 
over 4 minutes. All the usual symptoms occurred but the blood sugar 
rose only to 0.175 per cent, an increase of 0.017 per cent. 

It is evident, therefore, from these experiments that the adrenals are 
mainly responsible for the rise in blood sugar after asphyxia. The rise 
up to 0.04 per cent which may occur is probably the part played by the 
excess of H-ion acting directly on the liver itself. 

That the preparations with adrenals tied off s. . possessed a source of 


sugar and could under appropriate conditions show a rise in blood sugar 
was demonstrated as follows. In one preparation with adrenals tied 
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off, and adequately ventilated, 5} hours after decapitation the blood 
sugar was 0.121 per cent. It had remained at approximately this value 
for 14 hours. One-fifth cubic centimeter adrenalin (1: 1000) was injected 
into the femoral vein. Within 3 minutes the blood sugar was 0.21 per 
cent; 15 minutes later, 0.251 per cent; 30 minutes later, 0.233 per cent. 
In another adrenal-less preparation which had been subjected to three 
periods of asphyxia lasting 3}, 4 and 4 minutes, and in which the blood 
sugar was 0.095 per cent, a similar intravenous injection of adrenalin 
xaused the blood sugar to rise in 8 minutes to 0.212 per cent. Twenty 
minutes later it had fallen to 0.145 per cent. Similar results were ob- 
tained with others. 

Discussion. The volume of scientific literature dealing with the 
functions of the adrenal glands has reached such proportions that it is 
fortunate that for the purpose of this paper it is only necessary to refer 
to one recent paper where one can find a summary of the work touching 
on the relation of the adrenals to the hyperglycemia accompanying etheri- 
zation and asphyxia (Bulatao and Cannon, 1925). The emphasis seems 
to have been laid on the fact that hyperglycemia can be provoked by 
ether or asphyxia after the splanchnic nerves have been cut, and after 
the adrenal glands have been excised. It seems apparent, however, 
that this is not the whole story. The experiments reported in this article 
show that in the ‘“‘decapitate cat,’”’ at least, the rise in blood sugar after 
asphyxia is much greater if the adrenals, and the splanchnics are left 
intact. 

CONCLUSIONS 

1. In decapitate cats there occurs pronounced rise in blood sugar after 
asphyxia produced by underventilation for a long period, or complete 
lack of ventilation for just over 2} minutes. In the latter case the blood 
sugar may sometimes increase by over 0.1 per cent within 5 minutes. 

2. Convulsions were found to occur, the hair to rise, and vigorous 
intestinal movements to take place without rise in blood sugar, unless 
the period of asphyxia was sufficiently prolonged. 

3. The hyperglycemia produced by asphyxia bore no direct relation- 
ship to the oxygen saturation of the hemoglobin in the blood. 

4. Curare did not raise the blood sugar appreciably, but curarized 
preparations showed the characteristic rise in blood sugar after asphyxia. 

5. If the adrenals were tied off or the splanchnic nerves cut, the rise in 
blood sugar was either nil or not more than 0.04 per cent. 

6. The failure of the blood sugar to rise in the preparations with the 
adrenals tied off was not due to lack of sugar forming material since 
injection of adrenalin was followed by a rise of over 0.1 per cent. 
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The method about to be described involves the use of the string galvanom- 
eter for quantitative estimation of the intensity of the nerve impulse. It 
was developed with a view to investigating the question of the effect of 
narcosis on the nerve impulse, and to obtain direct evidence as to the 
phenomenon of “conduction with a decrement” in a narcotized region. 
This idea, classical in the literature of physiology since the work of Lucas 
(1917), supposed that the nerve impulse underwent a progressive diminu- 
tion in its intensity in such a region; but in spite of the important infer- 
ences based on the idea, the evidence supporting it was entirely of an 
indirect character. Certain inconsistencies led Forbes, Ray and Griffith 
(1923) to doubt its validity. The results of the researches on this point 
will appear in a separate paper, a preliminary report of which has already 
been presented (Davis, Forbes, Brunswick and Hopkins, 1925); but the 
method used is one of general value for quantitative study of many aspects 
of nerve physiology, and brings to light certain features of the string gal- 
vanometer which merit detailed discussion, being also of general 
application. 

THEORETICAL CONSIDERATIONS. The theory of conduction with a 
decrement involves the concept that the intensity of the nerve impulse 
varies in a certain way; which raises the question of how to measure this 
intensity. Lucas measured it by the ability of the impulse to pass through 
a given region of decrement; but in order to determine the existence of 
decrement another criterion is necessary. The only phenomenon accom- 
panying the impulse which is capable of direct quantitation is the electric 
disturbance. Apparently the latter is inseparable from the impulse 
(Forbes, McIntosh and Sefton, 1916); but, as Lucas (1912) points out 
in his critical review of the evidence, we have no proof that the two may 
not conceivably be dissociated until it be shown that the electric disturb- 
ance is part of the essential mechanism of the propagation of the impulse. 
However, Lucas (1911) himself used the size of electric responses as a 
comparative measure of the strengths of impulses. Now according to the 
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membrane theory of conduction (Bernstein, 1902; Briinings, 1903; Hoéber, 
1914; Lillie, 1915, 1923) the electric disturbance is an essential factor, the 
inactive region of nerve being excited by the action current of the active 
region. We propose to accept this theory as our working hypothesis in 
the present series of researches. On this basis the measure of intensity 
of the nerve impulse will be the stimulating effectiveness of the electric 
disturbance. 

It should be noted that measuring the intensity of the nerve impulse 
in this way at a given point tells us nothing as to whether or not the 
impulse will be conducted beyond that point. Other factors enter; namely, 
a, the electrical resistance of the various parts of the tissue, which will 
determine how great a current flow (or potential change, or depolarizing 
effect) will result in the adjacent inactive region as a consequence of a 
given potential developed at the point in question; and b, the excitability 
of the inactive region. Thus, conduction might conceivably be suspended 
in a region of narcosis or cold because of a rise in threshold. On the other 
hand, the slowing of conduction in muscle immersed in mixtures of sea 
water and sugar solution (Pond, 1921) probably depends on the altered 
electrical resistance. In Lucas’ familiar analogy of the train of gun- 
powder, the intensity of the impulse is represented by the amount of heat 
produced by the combustion at a given point, the electrical conductivity 
by the thermal conductivity of the powder, and the threshold of excitation 
by the temperature necessary to start combustion. The second and third 
factors might be altered, by moisture, for example, without necessarily 
affecting the first. .That is to say, the intensity of combustion, if it occurs 
at all, may be fully normal in the moist region, but it may be insufficient 
to cause progressive burning on account of the difficulty of igniting moist 
powder. 

By means of suitable instruments we can measure the changes in electric 
potential at a given point. A part of these changes will be due to processes 
taking place under the electrodes, but a part will be due to potentials 
developed at neighboring points and spreading along the nerve. But a 
potential spreading to the point under consideration and contributing to 
its action current will likewise tend to spread past it and will constitute 
an excitatory influence acting on regions beyond, whether the point under 
the electrode has passed into the active state or not. Further considera- 
tions concerning this spread of potential, and particularly its bearing on the 
question of decrement, will be considered in a later paper. 

The stimulating value of a given electrical disturbance is unfortunately 
not a simple function either of its maximum intensity or of its total quan- 
tity; and the case of an action current, rising rapidly to a maximum and 
then falling again, is particularly complex. The relations of intensity to 
duration of a current just sufficient to excite a given tissue have been 
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studied by Lucas (1907), Lapicque (1911) and many others, and it has 
been found that the relationship is similar for all tissues and for all types 
of discharge; i.e., constant currents, condenser discharges, sine-wave cur- 
rents, etc. Hill (1910) gives the most complete mathematical formulation, 
expressing the relationship as: 


The Greek letters represent constants, characteristic of the tissue in ques- 
tion and the type of discharge. The general conclusion for our purposes 
is that in determining the stimulating value of an action current we must 
consider 1, the tissue in terms of which we are measuring its value; 2, 
its intensity; 3, its duration; and 4, the rate of increase and decrease of the 
intensity. It is premature to attempt a general solution of the problem, 
and for our purposes we may narrow its scope. In the first place, we shall 
deal with only a single tissue, medullated nerve, and we may consider its 
characteristics of excitation constant from fiber to fiber, in spite of minor 
differences indicated by Bourguignon (1923) and others. The duration 
and the rate of increase and decrease of nerve action currents have been 
accurately studied by Erlanger and Gasser (1924) by means of the cathode- 
ray oscillograph, and both seem to be fairly constant from fiber to fiber 
at a given temperature. As a first approximation we may assume that 
the rate of increase and decrease remains constant during our experimental 
procedures; and, until more complete cathode-ray oscillograph data are 
available, we must make the somewhat doubtful assumption that the 
duration likewise remains constant. 

Granting these assumptions, the intensity of the impulse is preportional 
simply to the E.M.F. of the action current, whether measured as maximum 
or as average potential. As will be shown below, we can measure, by 
means of the string galvanometer, the total quantity of electricity flowing 
through a known resistance, and can calculate the average potential. The 
most probable source of error in such an estimation of the intensity of the 
impulse is a variation in the duration of the action current. It follows 
from Hill’s formula, however, that the stimulating efficiency of a current 
of given intensity increases with its duration, although not in direct propor- 
tion. Space forbids detailed consideration of this factor, but calculations 
show it to be important with currents as brief as action currents, and it 
will tend to counter-balance somewhat the error introduced by variations 
in duration. 

Our observations must be made on an entire nerve trunk composed of 
many individual fibers, so that our results will be a statistical aggregate 
representing the average individual fiber. This necessitates rigid control 
as tc constancy in the total number of active fibers at various points along 
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the nerve and under various conditions. Otherwise a diminution in the 
size of the action current may just as well be due to some fibers ceasing 
to function as to a depression of the activity of each fiber. Our object 
is to provide the necessary controls and a method of obtaining galvano- 
metric records from which we may calculate a figure proportional to the 
average potential developed in the individual fiber. This figure will 
represent the intensity of the nerve impulse. 

INSTRUMENTS, PROCEDURE AND TESTS OF METHOD. ‘The string galvanom- 
eter is of the Hindle type, with a 1.5 mm. air gap. The string is 2.75y 
in diameter, and has a resistance of 17,000w. The tension of the string is 
so adjusted that a constant potential difference of 1 mv. applied to its 
terminals gives a deflection of 8 mm. on the recording film. The magnifi- 
cation being 490, this corresponds to an absolute movement of 278 meters 
per ampere (cf. Forbes and Ray, 1923). The string, so adjusted, is rela- 
tively slack, and shows no overshoot on the closure of a constant current. 
The string tension is adjusted frequently in the course of an experiment, 
but the tests in table 1 show that when we are dealing with brief currents, 
such as the action current of a nerve or induction shocks, changes in tension 
of even 5 or 10 per cent on either side of the standard value of 8 mm. may 
be practically disregarded. 

The excursions of the string are recorded photographically (see fig. 1) 
unless otherwise specified, with the recording camera and arc light described 
elsewhere (Forbes and Thacher, 1920) and with a film speed of 13.3 em. 
per second. For a given observation the nerve is stimulated six or eight 
times at intervals sufficient to allow the string to return to its base line 
before the next excursion. For measuring the excursion the film is placed 
in a suitable frame on the movable stage of a microscope, and measured 
under low power by means of a cross hair in the eye piece and a vernier 
attached to the movable stage. The accuracy of the method depends on 
the definition of the string shadow, the illumination, and the fineness of 
the granulation in the film emulsion; but as a rule readings within a range 
of 0.20 mm. on a series of five successive excursions will regularly be ob- 
tained by a practiced observer. ‘Transient variations in the illumination 
due to flickering of the are lamp, and uneveness in the film emulsion may 
cause accidental variations greater than this, and therefore if a given 
excursion differs from the average of the other four by more than 0.15 
mm. it is discarded and another excursion measured in its place. We 
estimate the probable error of the average to be about +0.07 mm., so 
that if the excursion is 7 mm. in height its value will be reliable to about 
+1 percent. There seems to be a personal factor in addition, one observer 
consistently measuring 0.10 to 0.15 mm. higher than the other. To 
minimize the error so introduced all of the measurements in a given ex- 
periment are made by a single observer. 
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TABLE 1 
Effect of variations in string tension on the height of galvanometer excursion 


A. Source of current = monophasic action current of cat’s peroneal nerve 


STRING TENSION 
EXCURSION ON FILM IN 


MILLIMETERS 
Millimeters per millivolt Meters per ampere 


9 312 
8 278 
x 243 
6 208 


B. Source of current break shock from Berne inductorium with iron core 


STRING TENSION 


M/L REQUIRED TO PRODUCE AN 
— EX. URSION OF 12.8 
Millimeters per millivolt Meters per ampere 


278 39 
243 
208 
173 
139 
104 
69 
The string tension is expressed both as millimeters excursion on the film per milli- 
volt potential difference applied to the terminals and as meters of string movement 
per ampere of current flowing throughit. Figures for excursion on film are the aver- 
age of ten measurements. In series B the excursion is observed by the revolving 
mirrors. M/L values give relative E.M.F of shocks; see Martin (1912). 


TABLE 2 


Relation of excursion to strength of current through string 


1 


Resistance in primary 


EXCURSION IN MILLIMETERS RATIO 


OS 
02 


4.66 

3.18 

2.415 
1.630 
1.228 
0.986 
0.496 


OO 


Source of current is break shock from Berne inductorium, with iron core. First 
column gives the reciprocal of the resistance in the primary circuit, to which the 
galvanometer excursion should be proportional. 


As a check on the accuracy of the method of measuring, we connected 
the secondary of our inductorium directly to the galvanometer and meas- 
ured the excursions obtained with various resistances in series with the 
primary coil. Table 2 gives the reciprocal of the total resistance in the 
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6.24 
| 6.16 
5.94 
5.88 
: 23.7 
15.95 
11.87 
8.10 
6.02 
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primary circuit (to which the E.M.F. of the secondary discharge will be 
proportional), the height of the excursions as measured, and their ratio, 
which should theoretically be constant. Disregarding the first and last 
values the agreement is very close, the extreme deviation from the average 
being just over 1 per cent. It should be noted that in work with the nerve 
we never encounter excursions greater than 16 mm., and rarely as small 
as 3 mm. (except in narcosis). When the excursion is very large and rapid 
its peak is difficult to identify, and when it is small the error due to lack 
of definition becomes relatively great. 

In certain of the tests the excursions were observed by means of the 
revolving mirrors described by Forbes and Mann (1924). Six plane 
mirors mounted parallel to the axis of a revolving drum successively 
reflect on a curved screen the band of light in which the shadow of the string 
appears. The band travels rapidly enough so that the successive images 
give visual fusion, and if the string makes a series of similar excursions 
properly timed with relation to the movement of the mirrors, the superim- 
posed excursions will appear as a standing wave which can be measured on 
the ruled screen or photographed on bromide paper (see fig. 1). The 
breaks in the primary circuit are exactly synchronized with the mirrors 
by means of an interrupter mounted on the same shaft. 

The moist chamber in which the nerve is placed for observation is made 
of hard rubber. Six heavy silver wires serve at once for supports for the 
nerve and for electrodes. They are spaced at 15 mm. intervals, as in- 
dicated diagrammatically in figure 2. The electrodes are removable, to 
enable them to be cleaned thoroughly and coated electrolytically with 
silver chloride to render them non-polarizable. One end of each electrode 
fits into a small hole in the wall of the chamber, while the other end rests 
in a slot so that it may be introduced from above without scraping off 
the chloride. It is held in position by a piece of piano wire soldered to its 
outer end and bent downward at right angles to dip into a hole in the outer 
platform of the chamber. ‘The holes are filled with mercury, and afford 
ready means for connecting any pair of electrodes to the galvanometer. A 
pair of platinum stimulating electrodes are mounted on a block which 
runs in a groove and can be set at any distance from 10 to 60 mm. from the 
first lead-off electrode. A small thermometer is attached to the wall of 
the chamber parallel to the nerve opposite the stimulating electrodes. 
The chief difficulty encountered in the use of this chamber is that of keeping 
the nerve perfectly moist. To accomplish this, the floor of the chamber 
and under side of the glass lid are covered with cotton moistened with 
distilled water, and a stream of air, bubbled through four wash bottles 
filled with distilled water, is passed in through four inlets on one side of the 
chamber, and out through six holes in the opposite wall. For experiments 
on narcosis the chamber is also prcvided with an inner chamber which can 
be made to include either the first three or the first four lead-off electrodes. 
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All openings between the inner and the outer chamber are carefully 
plugged with vaseline. The air supply is divided, so that a bottle con- 
taining a suitable strength of dilute aleohol can readily be substituted 
for one of the wash bottles in the branch which supplies the inner 
chamber. The rate of air flow through each branch is adjusted to between 


150 and 200 ec. per minute in all cases. 

The resistance of the nerve is measured at frequent intervals by means of 
a Kohlrausch bridge. A frequency of 1000 cycles per second is employed, 
but it was found that identical values were obtained with various fre- 
quencies from 200 to 1000. The strength of this current is such that a 
nerve with a low threshold is stimulated by it when the length of nerve 
being measured is short. Since only a few seconds are required for each 
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Fig. 1. Monophasie action-current records from cats’ peroneal nerves. String 
tension 278 meters per ampere. No amplification. 

A. Revolving-mirror method. Read from right to left. Standing wave formed 
by successive superimposed responses to maximal break shocks. Time record 
below: 1 D.V. = 10¢. Magnification about 450. 

1. July 20, 1925. Normal response. Leads /-6. Height of excursion 5.7 mm 

2. Same, except for extra fascia between leads 4 and 6. Note sudden break in 
rising branch of curve. Height of excursion 5.0 mm. 

B. Standard method of recording. Read from left to right Alternate break 
and make shocks as stimuli; makes not quite maximal in 2. Speed of film 13.3 em 
per sec. Magnification 490. 

1. Aug. 13, 1924. Leads 5-6. 

2. May 2, 1925. Leads5-6. The overshoot of the string past the base line is not 
due to the tension of the string, as the latter is aperiodic, but illustrates the effect 
deseribed on page 525. (The interval between it and the start of the excursion is too 


great for it to be considered an ordinary diphasic response 
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reading, and since several minutes’ continuous stimulation causes only a 
minimal change in the size of the action currents, no attempt was made to 
avoid such stimulation, for it is difficult to get accurate readings rapidly 
with a weaker current. The possibility of error due to the alternating 
current entering the nerve through a small area of contact was investigated, 
and found to be negligible. In order to obtain sharp end-points it is 
necessary to use great care in cleaning and chloriding the electrodes, as 
dirt or grease apparently causes them to act as current rectifiers, as shown 
by Hill (1913) for Zn-ZnSO, electrodes. 


Fig. 2. Diagram of moist chamber and its connections. Distance between elec- 
trodes = 15mm. Platinum stimulating electrodes at A and B. Silver lead-off 
electrodes at /, 2, and6. On the nerve, black indicates crushed areas. Parti- 
tion between leads 3 and 4is removable. A thermometer is regularly placed in the 
outer chamber near A. 


In preparing a nerve for experimentation it is important to remove excess 
fascia and fluid, and also to avoid injury to any of the fibers, for the pres- 
ence of fascia or idle fibers will diminish the current through the galvanom- 
eter. The excursion of the string depends on the strength of the current 
flowing through it. Now although the presence of an inactive fiber will 
not affect the E.M.F. developed by its neighbor, it will provide a short- 
circuiting path which will shunt part of the resulting current away from 
the galvanometer. This conception is useful as a first approximation 
in the case of a uniform nerve or muscle. The fibers act like a group of 
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small batteries connected in parallel, and it is obvious that the output of 
such -a system into an external circuit will be reduced by substituting for 
one of the batteries an idle conductor having the same resistance. Gasser 
and Erlanger (1922) show how similar considerations hold, even though 
the recording instrument be a potentiometer; and Watts (1924) shows that 
the size of the action current (in muscle) is proportional to the number of 
active fibers. Fascia will act as a shunt in like manner. ‘The effect of 
non-uniform distribution of fascia along a nerve will be considered later. 
And obviously all considerations become simpler if we can deal with an 
unbranched nerve, in which all the fibers present at any electrode are 
present at all the electrodes, and which has a uniform resistance per unit 
length throughout. 

To meet these requirements we have chosen the peroneal nerve of the 
cat. The nerve is removed under ether anesthesia; or, in some cases the 
animal is decerebrated under ether anesthesia and the nerve removed 
after an interval of two or three hours. The results are identical with the 
two methods. With a little practice it is possible to dissect out the nerve 
from the tibialis anticus muscle to a point well above the sciatic notch, a 
length of 100 or 120 mm. _ For the greater part of this distance it runs as a 
distinct bundle within the sheath of the sciatic nerve. It gives off no 
branches, and its shape and diameter are practically uniform until about 
15 mm. above the point where it enters the muscle. Here it flattens out 
and contains rather more fascia; but we mount it in the chamber in such a 
way that the flat portion rests on the stimulating electrodes, and only the 
round, uniform portion lies en the lead-off electrodes where measurements 


are made. The importance of this precaution will become apparent when 


the effect of fascia on the galvanometer deflection is considered. 

The greatest care is required in making the dissection, as it is necessary 
to remove all of the loose fascia and blood vessels without injuring the 
inner sheath of the peroneal proper. The cleaning is most easily ac- 
complished in situ before cutting the ends of the nerve. It is most im- 
portant to avoid traction on the nerve. Forbes and Ray (1923) have pre- 
viously shown how much more sensitive the mammalian nerve is to this 
form of trauma than is the amphibian; and a pull of as much as 10 grams 
may result in serious depression of function. Also, as soon as the blood 
supply of the nerve is cut, it must be protected from drying by frequent 
soaking of the field of operation with Ringer’s solution. We employ a 
soluticn containing per liter, NaCl 9.0 grams; KCl 0.42 gram; CaCl, 
0.24 gram; Nas:HPO,; (anhyd.) 0.224 gram; to which is added 2.00 ce. 
of M/10 HCl. The resulting solution is moderately buffered by the phos- 
phate at about pH 7.4. 

When cleaning is complete a ligature is tied to each end of the nerve, 
which is then cut free and laid in the chamber on the freshly chlorided 


506 HALLOWELL DAVIS AND DAVID BRUNSWICK 


electrodes with its peripheral end on the stimulating electrodes. The 
nerve is crushed at lead 6 to render the action currents monophasic. The 
two leads farthest from the stimulus (5 and 6) are connected to the galva- 
nometer to determine the just maximal stimulus. This is very conveniently 
accomplished by using the revolving mirrors which enable us to view the 
action current directly as a standing wave and adjust the stimulus to the 
point where the action current just stops increasing in size. The stimulus 
is then set to a value about 20 per cent greater than this to allow for possible 
change in threshold. If the experiment is a long one the stimulus is 
usually checked at least once in the course of it, but the margin of 20 per 
cent seems to be sufficient. The revolving mirrors also enable us to deter- 
mine readily when the nerve has come to a steady state, or at least, to a 
steady rate of decline in its activity, and resistance measurements give 
similar information as to its state of moisture. Half an hour to an hour 
is usually sufficient. 

We test for the presence of locally injured and blocked fibers, as follows: 
The height of excursion obtained from the leads 5-6 while stimulating at 
the usual electrodes (A and B) is measured by means of the mirrors. Then 
the stimulating circuit is connected to lead-off electrodes 1 and 2, cathode 
at break always being nearest the galvanometer leads, and the height 
again measured; and this is repeated with stimuli applied at leads 2-3 
and 3-4. The original stimulus at A-B is repeated to control changes 
taking place in the region of the galvanometer leads. If there is no gross 
variation, the observations are repeated photographically for objective 
record and more exact measurement. In a perfect nerve the action cur- 
rents from a given point, e.g., leads 5—6, should all be of the same size, 
wherever the stimulus is applied, unless it be so close that a significant 
amount of stimulating current ‘escapes’ into the galvanometer.' Sup- 
pose, however, a fiber is to be damaged between leads 2and 3. A stimulus 
applied at electrode B, 1, or 2 would excite the fiber; but the impulse would 
be blocked at the injured region and fail to reach lead 5. A stimulus at 
lead 3 or 4 would also be effective, and the impulse would reach lead 5 and 
contribute to the action current there recorded. Thus constant size of 
the action current with shift of stimulus is strong, although not absolute, 
evidence against blocked fibers; and no experiment is considered satis- 
factory in which there is an extreme variation of more than 4 per cent 
from the average of the controls, after correcting for the “escape” of 
stimulating current as described below (cf. table 10 and fig. 9). 

We employ the monophasic method of recording. This method usually 
gives larger excursions than the diphasic, and avoids various distortions 
and complications. As a result, the total resistance in our recording cir- 


1 The effect of different rates of conduction in different fibers may be neglected, 
as will be shown below. 
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cuit varies from one lead to another, and in order to find the relative 
potentials we must multiply the height of the galvanometer excursion ( which 
represents current flow through the string) by the resistance in the circuit. 

In practice the excursion is expressed in millumeters and multiplied by 
the resistance in thousands of ohms. Thus our arbitrary unit of E.M.F. 
would produce an excursion of 1 mm. on the film if it acted on the string 
through a total resistance of 1000 ohms for a time equal to the average 
duration of an action current (cf. p. 499). It was found, however, that 
the excursions caused by the action current of a given nerve were not 
inversely proportional to the total resistance in the circuit. A constant 
correction of about 9000w must be added to the resistance. The following 
tests indicate, however, that the galvanometer and not the nerve is re- 
sponsible for a large part if not all of the correction. 

TESTS OF GALVANOMETER BEHAVIOR. The behavior of the galvanom- 
eter with respect to constant currents of various durations up to 5e 
was investigated. The source of E.M.F. was a storage cell, the voltage 
of which was measured before and after each test. The current through 
the galvanometer was varied by two dial resistance boxes arranged to act 
as a potentiometer, so that a known fraction of the total E.M.F. was 
applied to the string. The duration of the current was controlled by a 
Lucas pendulum; the first key breaking a short circuit across the string, 
the second breaking the main battery circuit, leaving a closed circuit 
through the galvanometer at all times. The deflections of the string were 
recorded and measured in the usual way. In the first series of tests the 
resistance was kept constant, while for various durations from le to 5¢ 
the E.M.F. was varied. The results were plotted as deflection against 
E.M.F., and gave a series of straight lines through the origin, as shown in 
figure 3. This test gives the relationship 


(1) D=kE 


where D = deflection and E = E.M.F. 

Then, with EF constant, the resistance was varied in four steps from’ 
17,000w to 57,000w. This test was repeated with several durations of 
current flow. Since the relation between D, representing current flow, 
and R, the resistance, is reciprocal, we plot //D against R. We obtain 
a series of curves convex toward the R-axis and apparently not passing 
through the origin. The curvature is most pronounced in the case of the 
shortest duration as shown in figure 4. We can express the relationship 
by the formula 


1 
(2) a k’ (R + p) - f (R) 


where f(R) is a function varying with duration. Perhaps it also varies 
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with other factors, as indicated by the varying degrees of curvature. 
p is a constant to be added to the resistance. 

A similar test was carried out with nerve, recording the action current 
from a given point through five different resistances. In this case 1/D 
plotted against RP always gave a straight line, even when the total resist- 
ance was as great as 120,000w. This indicates that, when we are working 


=z 
z 
r 
a 


6 8 10 12 14 16 18 20 
E.M.F- MV. 


Fig. 3. Test of galvanometer. Deflection in millimeters on recording film is 
plotted against the potential in millivolts applied to the string terminals. The 
-duration of current flow is determined for each series of observations by means of a 
Lucas pendulum. Each point is the average of two observations. Note the accurate 
linear relationship between deflection and potential. Resistance constant. Source 
of current is storage cell and potentiometer, 


with action currents, f(R) in equation 2 becomes a constant;? and p 
may be determined graphically as the negative FR intercept, as shown in 
figure 5. The equation may be written simply 


1 
_ k’ (R + p) 


3) 
I 


* This difference may be due to the difference between the form of the action 
current and that of the rectangular current delivered by the Lucas pendulum. 
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It was found possible to obtain a similar linear relationship in tests 
without nerve by placing the second key of the Lucas pendulum directly 
in the galvanometer circuit instead of in the battery circuit. This elim- 
inates electromagnetic damping after cessation of current flow. De- 
termined in this way p increases with the duration of current flow, as sum- 
marized in table 3. 


z 
~ 
13) 
w 
a 
2. 


° 10 20 30 40 $50 60 
RESISTANCE - w X10 


Fig. 4. The reciprocal of the deflection in millimeters is plotted against the total 
resistance in the circuit (including galvanometer). The duration of current flow 
and also the E.M.F. is varied from one series to the next. For the lo series, E.M.F.= 
15.86 mv.; for 3c, E.M.F. = 5.98 mv.:; for 5¢, E.M.F. = 3.99 mv. Source of current 
is storage cell and potentiometer. Note the curvature in all lines, more marked 
for the shorter durations. 


This same relationship between p and duration may be calculated from 
the slopes of the lines in figure 3, giving a very satisfactory agreement. 
Unfortunately we cannot compare these values of p with those obtained 
in nerve experiments because of the above-mentioned difference in the 
electromagnetic damping; but the fact that this type of correction appears 
in all of these tests indicates that its origin is presumably in the recording 
apparatus and not in the nerve. A theoretical basis for such a factor is 
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developed in the appendix from considerations of the physies of the string 
galvanometer. 

The first experiment of the series, in which duration and E.M.F. were 
varied, also gives us information as to the relation of the size of the ex- 
cursion to duration of current flow. In figure 6 the data are plotted as 
deflection, D, against duration, t, for various E.M.F. values. The rela- 


° 


EFLECTION-MM 


10 20 30 40 50 6060 £476 
RESISTANCE X 10° ‘ 


Fig. 5. Coérdinates as in figure 4. Source of current is action current of a cat’s 
peroneal nerve. January 19, 1925. Leads 5-6. The points fall on a straight line 
which cuts the resistance axis at —9400w. This gives the numerical value of p, the 
correction which must be added to the measured resistance to give the total virtual 
resistance in the circuit. 


TABLE 3 


DURATION p 


2900w 
3500 
4800 
6700 


tionship is in each case almost, but not quite, linear, the curves being 
slightly concave to the time axis. It is obvious that eventually they must 
become parallel to it; for when the string has had time to reach its equilib- 
rium position further increase in duration will not increase its deflection. 
But it is likewise apparent that as a first approximation we may consider 
the relation as linear below 5c, and write 


(4) D = k*t 


| | 
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Combining this with equations 1 and 3 we have as our complete equation 


Et 


5 D=K 
(5) R 


One practical consequence of this relation is that halving the E.M.F. 
while doubling the duration will give the same galvanometer excursion 
In other words the excursion is approximately proportional to the quantity 


z 
w 
a 
w 


DURATION - 


Fig. 6. Constructed from the same data as figure 4, plotted as deflection against 
duration for various voltages. The curvature of the lines is definite, but is slight 
below 40 duration and 15 mm. deflection. Deflection is nearly proportional to dura- 
tion within the range. 


of electricity passing through the string (cf. Fulton, 1925). This is im- 
portant in connection with nerve action currents, since Erlanger and 
Gasser (1924) and Erlanger, Bishop and Gasser (1925) have shown that 
the velocities of conduction in various groups of fibers in a mixed nerve 
are not identical, but that some impulses lag farther and farther bebind 
the main group as they travel. Inspection of their curves and data indi- 
cates that at roam temperature in a distance of 75 mm., which is our longest 
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distance, only an insignificant fraction of the total lags by more than 4c. 
Therefore, since our total electrical disturbance is the same in all cases, 
being the sum of the impulses in the same number of individual fibers, 
the excursion of the galvanometer will be practically identical whether 
all of the impulses are exactly synchronous or are dispersed by their 
various conduction velocities. . 

It seemed possible that such an increase in total duration of the action 
current might cause p to vary, as p has been shown to change withan increase 
in the duration of constant currents from the Lucas pendulum. A series of 
tests with nerve were therefore performed in which the galvanometer re- 
mained connected with leads 5-6 throughout, while the position, and likewise 


TABLE 4 


Determinations of p 


, JANUARY 19, 1925 MARCH 21, 1925 


Coil distance.............} 200mm. | 150mm. 200 mm. 150 mm. AVERAGE 


Stimulus 


\z units | i } 9 } 2.6 } 49.0 


Position of stimulus: 
13,400 5,500 | 10,400 | 9,450 
10,800 ¢ | 9,000 | 7,000 | 8,980 
9,200 | | 8,800 8,750 
10,200 | § | 7,400 | 8,400 
10,700 | § 8,200 | 8,720 


{| 10,860 | | 7,780 


Action currents are led off from electrodes 5-6 in all cases while position and 
strength of stimulusare varied. For each combination the action current is recorded 
through five different resistances and the values of p given above are obtained graph- 
ically as shown in figure 5. For description of Z units see Martin (1912). 


the strength, of the stimulus was varied. The stimulus was never sub- 
maximal, however, as shown by the revolving mirrors. For each position 
and strength of stimulus action currents were recorded through several 
different resistances, and p determined graphically as described above. 
Table 4 gives the results of two such tests, and indicates clearly that p 
does not vary beyond experimental error either with the strength of stimu- 
lus or with the distance which the impulse has travelled. 

Different nerves give values for p which agree with one another within 
experimental error. We take p as equal to 8600w; this being the average 
of all of our reliable determinations, including those in table 4. This cor- 
rection is added to the resistance of nerve plus galvanometer before cal- 
culating the average E.M.F. developed by the nerve. . 


[ 10,000 | 7,720 
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“CURRENT ESCAPE” FROM THE STIMULUS. On page 506 reference was 
made to the possibility that the stimulating current might affect the gal- 
vanometer and cause a greater (or less) excursion than would be caused by 
the action current alone. Such “artefacts’’ have been described elsewhere 
(Forbes and Gregg, 1915; Gasser and Erlanger, 1922), and we need only 
evaluate their importance under our conditions of experimentation in 
order to make suitable corrections. We wish to know the increase in 
calculated E.M.F. caused by a stimulus of given strength applied at a 
given distance from the lead-off electrode. Data for such a calculation 
are given in table 5. Experimental error is large as compared with the 
differences observed, but there is no doubt that the effect increases rapidly 
as the distance is made short. This and other experiments indicate that, 
at least for stimuli of less than 50 Z units, the relation between increase 
of strength of stimulus and increase in calculated E.M.F.is linear, as might 


TABLE 5 
Determination of correction for current 


‘ 


‘escape’ from stimulus 


| STRENGTH OF STIMULUS INCREASES 


DISTANCE OF STIMULUS | 7.4 Z units 49.0 Z units 416Z 


Calculated E.M.F. of action current 


396 401 5 
398 400 2 
407 421 14 
410 427 17 
411 446 35 


Experiment of January 19, 1925. Action currents led off from electrodes 5-6 in 
all cases. Distance of stimulus measured from cathode (for break shock) to lead 5. 
E.M.F. in arbitrary units (see text). Maximal stimulus = 6.3 Z. 


be expected a priori; and that at adistance of 15 mm. an increase of 1Z unit. 
causes an increase of approximately 1 unit of E.M.F. It also appears that 
the increase is inversely proportional to the distance between stimulus and 
the active lead-off electrode. The serelations may be formulated as follows: 


AE. 


Where AE, is the increase in recorded E.M.F. due to a stimulus d mm. 
distant, and AZ is the increase in stimulus. From this it follows that the 
correction to be subtracted from the E.M.F. of the action current for a 
stimulus of Z units at a distance of d mm. will be 


= 
d 


= 
— 
75 
60 
45 
30 
15 
15 
| X AZ 


514 HALLOWELL DAVIS AND DAVID BRUNSWICK 


This is merely a rough empirical rule but it agrees within experimental 
error with all of our reliable observations. It has no general application, 
but applies only to the cat’s peroneal nerve under our conditions of prep- 
aration and experimentation. 

The partitions forming the ends of the inner chamber were removed 
in one test, but no difference in the current “escape” could be detected. 


TABLE 6 


E.M.F. of action currents from cats’ peroneal nerves 


| | 
E.M.F.—CORRECTED | MAXIMUM | 
| } |. PERIPH- 
PERCENT| TIME | | 
| TEMPERA-| 


OF | AFTER EX- 
| BLockeD | cision | TURE | CRUSH TO 
LEAD 1 


FIBERS 


| Lead 5 


| per ae | 
2.0 


July 18, 1924, B 3/667|675|552/394| 


5|675 646)479) 
(644/656 637 |613)450) 

| | | | 
September 11, 1924, A....... \779|716|704|618/444| 
|705/655 622/547 
560|566)391 
| wwe 536|377 
eae 


| 
October 29, 1924 (577 549) 584 618)407| 
| | | | 


September 11, 1924, B 


February 3, 1925............. 


| } | 
'882/873 843/807|589| 3. | 33 
848|789'580 51 
789572 | 64 


supramaximal. E.M.F. in arbitrary units defined in text. Maximum per cent of 
blocked fibers is determined by the shift-of-stimulus test described in text and illus- 
trated in figure 9. The nerves of July 18, (B), September 11, (B) and February 3 
were subsequently employed in narcotization experiments described elsewhere 
(Davis, Forbes, Brunswick and Hopkins, 1925). 


FACTORS AFFECTING THE APPARENT E.M.F. OF THE ACTION CURRENT. 
Values for the apparent E.M.F. of action currents from eight different 
nerves, all cats’ peroneals mounted for centripetal conduction, are given 
in table 6, together with the maximum percentage of fibers which the shift- 


DATE |= N 7 
29 24.0° 
4.0 40 | 24.2° 
| | 
2.2 | 14 24.2° 45 
39 24.5° 
50 24 .2° 
1.4 4 18.5° 33 
26 | 18.5° 
73 19.5° 
Li 37 19.5° 34 
74 19.8° 
2.6 42 23.3° 31 
3.4 57 | 20.4° 40 
21.5° 30 
21.4° 
All nerves are mounted for centripetal conduction. Stimuli about 20 per cent 
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of-stimulus test indicates may be locally blocked in each nerve. The 
data for a typical nerve (May 2, 1925) appear graphically in figure 8, 
curves I and III (ef. also table 7 illustrating the method of calculation). 
It is at once apparent that there is considerable variation, not only from 
nerve to nerve at a given lead, but from lead to lead on a given nerve. 
In spite of these variations, however, the E.M.F. values for points on a 
given nerve remain nearly constant relative to one another as long as the 
nerve is kept under constant conditions; and as a rule the absolute values 
remain quite steady as well. The following observations illustrate typical 
behavior. 
TABLE 7 
Calculation of E.M.F. 


RESISTANCE TOTAL 


STIMULUS 
SISTANCE 
ACTIVE OF EX- | EXCURSION | ————— —_—| RE E | CORRECTION 
15 Z CORRECTEL 


LEAD CURSIONS | IN MILLI- Nerve + . 
: EXCURSION = — 
MEASURED, METERS | Nerve alone | galvanom- 1078 d 
eter +p 


NUMBER | HEIGHT OF 


Centripetal conduction—normal 


3.44 | 80,200 | 105,800 891 
92 90,000 892 
20 | 76,400 856 
77 | 36,400 | 62,000 791 
68 | 19,700 | 45,300 574 


| 
| 
| 


Centrifugal conduction—reversed 


4.40 73,600 | 99,200 436 427 
34 | 57,800 83,400 445 141 

5.66 | 43,600 | 69,200 460 ’ 457 
} 83 30,100 | 55,700 436 = $34 
3 9 85 14,200 39 , S00 392 -* 390 


May 2, 1925. Cat’s peroneal nerve. E.M.F. in arbitrary units, see p. 507. First 
series 64 minutes, second series 84 minutes after excision. Temperature = 21.4 
to 22.0°. Strength of stimulus = 8.65 Z units. Total length of nerve = 105 mm. 
Galvanometer resistance = 17,000 ohms; p = 8,600 ohms. 


The nerve is allowed to remain in the chamber for one to two hours, 
while action currents are recorded and the resistance measured at frequent 
intervals. The E.M.F. shows a definite fall during the first hour (ef. 
table 6, nerve A of September 11, 1924). The decline becomes less and 
less rapid until the nerve reaches a steady state. The steady state is well 
illustrated in the experiment of May 2 (ef. table 8, interval 3). 

Simple handling of the nerve, such as removing it from the chamber and 
replacing it, may cause a slight depression, usually barely perceptible. 
(Cf. table 8, interval 1. During this interval the nerve was handled twice 
and stimulated repeatedly.) It seemed possible that the partitions form- 


6 ‘ 882 
2 5 { S858 
3 5 1} —3 853 
4 7 1: —2 789 
5 5 1: 2 572 
1 
3 
4 
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ing the ends of the inner chamber might affect the size of the recorded 
response. They were therefore removed during the course of an experi- 
ment, May 2, and found to have exerted no significant influence. Table 
8, interval 2, shows that following the removal there is an approximately 
equal fall in E.M.F. at all leads, but only slightly more than the fall during 
the previous interval. 

Standing in the chamber without stimulation, or soaking in Ringer’s 
solution, has a more depressing effect on the action currents than standing 
in the chamber with frequent stimulation. This is shown in table 9 and 
figure 7 (July 18). It is quite characteristic that when stimulation is 


TABLE 8 
E.M.F. of action currents from cat’s peroneal nerve 


CALCULATED E.M.F.—ARBITRARY UNITS 


Lead 1 | Lead2 | Lead3 | Lead4 | Lead5 


Time 1:04 p.m 88: S88 853 ¢ 572 
Interval 1 

Time 1:46 p.m | 8 | 878 837 559 
Interval 2 i 

Time 2:13 p.m 856 806 
Interval 3 = 5 i 

Time 3:09 p.m 865 846 805 779 


During interval 1, the nerve was reversed in the chamber, three series of action 
currents were recorded, six series of resistance measurements and two series of 
revolving-mirror observations were made, and the nerve finally replaced in its 
original position. 

During interval 2 two series of action currents were recorded, fourseries of resist- 
ance measurements and two series of revolving-mirror observations were made, 
and then all three inner partitions were removed from the chamber. 

During interval 3 determinations of spread of stimulus were made, involving five 
series of action current records and four series of resistance measurements. 

Experiment of May 2, 1925. Nerve excised at 12:00 M. For other data see legend 
of table 10. 


begun again the response shows definite improvement. We further find 
that in each series of excursions recorded on the film in a single exposure, 
the first excursion is usually definitely smaller than those following—so 
much so that it is very frequently discarded in calculating the average (cf. 
p. 500). These effects recall strongly the “treppe”’ in the contractions of 
an isolated muscle. 

The effect of temperature has not been investigated. The experiments 
have been carried out at room temperature which has been kept constant 
within a degree during a given experiment. Table 6 indicates that there 
is no gross difference to be noted as between 18°C and 24°C. 

From these tests we may conclude that the nerve comes to a steady state 
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in an hour or so under our conditions, giving reproducible E.M.F. values 
for action currents recorded from a given pair of leads; and the steady state 
is maintained at a higher level under frequent stimulation than during 
absolute rest. 

The presence of a crush, or the cut end of the nerve, causes a depression 
of the response within a distance of 200r25mm. The relatively low values 
for the response at lead 5, which are so regularly observed (table 6), are 
partly to be explained on this basis. At greater distances up to 70 mm. 
or more there is, on the contrary, a definite although temporary increase 
in response when the nerve is freshly crushed. These points were tested 


TABLE 9 


E.M.F. of action currents from cat’s peroneal nerve 


} 
CALCULATED E.M.F.-—-ARBITRARY UNITS 
TIME AFTER) 


EXCISION 


PROCEDURES DURING INTERVAL — 
| Lead 1 Lead 2 Lead 3 Lead 4 | Lead5 
| 
| 


minutes 
Preliminary tests 
546 
| 666 | 535 
| Nerve dipped in Ringer’s 
492 
486 


378 
406 
3385 


Nerve in Ringer’s for 15 minutes | 


Shift-of-stimulus test 
| 405 
610 587 571 5! 378 


July 18, 1924. Cat’s peroneal nerve, mounted for centripetal conduction. ‘Tem- 
perature = 23.5° to 24.5°C. Strength of stimulus = 10.7 Z units in last three series, 
14.3 Z units in first six. During each interval except the next to the last a single 
series of resistance measurements was made in addition to the other procedures 
noted. For method of calculation of E.M.F. see table 7 and text. 


experimentally by mounting a nerve 120 mm. in length in the chamber 
so that the peripheral crushed end lay 45 mm. from lead 1, 20 mm. beyond 
the stimulating anode. The action currents were recorded several times 
during three quarters of an hour—the final values for E.M.F. being, at 
lead 1, 644; lead 2, 656; lead 3, 637; lead 4, 613; lead 5, 450. The nerve 
was then crushed between the stimulating electrodes, 16 mm. from lead 1. 
Four minutes later the E.M.F. values were: lead 1, 627; 2, 666; 3, 649; 
4, 618; 5, 448. Although the nerve had been undisturbed except at the 
point of crushing, the response at lead 1 had been decreased 2.6 per. cent, 
while at the other leads it had been increased 1.5 per cent, 1.9 per cent. 


52 585 565 561 539 
57 643 602 602 573 
68 
71 
82 
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0.8 per cent, and decreased 0.4 per cent respectively. (The last two altera- 
tions are less than experimental error.) Several other tests give very 
similar figures. 

In another series of tests the nerve was crushed freshly at the point of 
contact with lead 5 and action currents were recorded from leads 1, 2, 3 
and 4, with lead 5 as the inactive lead; then the nerve was crushed at 4, 
and so on. The results from such experiments must be accepted with 


X-ttao 1 
2 
+-ttao 3 
4 


PRELIMINARY OBSERVATIONS. 


25 3 35 40 45 5SO 55 60 65 70 175 
MINUTES AFTER EXCISION. 


Fig. 7. July 18, 1924. E.M.F. (in arbitrary units) of action currents of cat’s 
peroneal nerve. See table 9 for data and conditions of experiment. During interval 
labeled preliminary tests the stimulus was adjusted to slightly supramaximal value. 
The shaded areas labeled res. indicate the intervals during which resistance measure- 
ments were carried out. The cross-hatched areas labeled ‘‘Ringer’’ indicate the 
removal of the nerve from the chamber and placing it in Ringer’s solution for the 
corresponding interval. See figure 2 for location of leads on the nerve. 


caution, for reasons which will appear below, since the distribution of 
fascia near the various crushes may not be identical; but qualitatively they 
support our conclusion that a new crush temporarily increases the electric 
response at a distant point but depresses it permanently within about 20 
mm. This depression due to a nearby crush is probably chiefly responsible 
for the low values regularly obtained at lead 5. Possibly they are also 
due in part to electrical conditions of the type about to be described. 


} 4 
700 | LY WY 
= 300 4 
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DISTORTIONS OF THE ACTION CURRENT DUE TO EXTRA FASCIA ON THE 
NERVE. To test the effect of varying the manner of leading off, a carefully 
dissected nerve, whose electric responses had been recorded as usual, was 
removed and replaced in the chamber in reversed direction, so that im- 
pulses traversed it centrifugally. The crush which originally lay on lead 
6 then lay on the stimulating electrode A. The point originally at 5 lay 
on stimulating electrode B, while the points originally in contact with 
leads 4, 3, 2 and 1 lay on leads 1, 2, 3 and 4 respectively. We thus ob- 
tained action currents from these four points using the peripheral end of 
the nerve instead of the central as an inactive lead. It is worth repeating 
that the nerve employed gives off no branches, so that the number of fibers 
stimulated is identical in each case. The nerve was tested for locally 

TABLE 10 
Tests for blocked fibers by shift-of-stimulus method 


POSITION OF STIMULATING CATHODE 
TIME AFTER = 


EXCISION DIRECTION OF CONDUCTION j 1 2 


Calculated E.M.F. at les 


minutes 


38 Normal = centripetal 599 | 599 | 604 624 601 
a1 Reversed = centrifugal 378 | 387 | 386 386 | 378 
110 Normal = centripetal | 549 | 549 | 556 569  5AD 


624 — 601 23 

— - - = 3.7 per cent 
624 624 

570 — 549 21 

390 — 378 12 
390 390 
May 2, 1925. Cat’s peroneal nerve. Temperature = 21.7° to 22.1°C. Stimulus 

= 8.65 Z units. Total length of nerve = 105mm. E.M.F. in arbitrary units. 


Centripetal conduction: 


= 3.7 per cent 


Centrifugal conduction: = 3.1 per cent 


blocked fibers before and after reversal (cf. table 10 and fig. 9), and the 
maximum proportion blocked was found to be 3.7 per cent and 3.1 per cent 
respectively. The stimuliwere slightly. supramaximal in both tests. Never- 
theless, the calculated E.M.F. from a given point on the nerve differed 
strikingly, depending on whether the central or the peripheral end was 
employed as the inactive lead, the responses in the latter case being roughly 
50 per cent of the former.’ The results of a typical experiment appear in 
table 11, and are graphically represented in figures 8 and 9. 

Differences of this type were observed repeatedly. The control tests 

8 This cannot be interpreted as due to one-way conduction in motor and sensory 


fibers. The principle of reversible conduction in the nerve trunk is too firmly estab- 
lished (Adrian and Forbes, 1922; Erlanger, Bishop and Gasser, 1925). 


B 
5 
Calculation of maximum proportion of blocked fibers 
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indicate that they cannot be due to differences either in the number of 
active fibers or in the average response from each fiber; and we are driven 
to the electrical conditions of the recording circuit for explanation. In- 
spection of the resistance measurements in table 7 shows a lower resistance 
by about 7000w for the peripheral three centimeters as compared with the 
central three centimeters of the nerve. It will be recalled that this peri- 
pheral portion is flatter than the remainder and contains an appreciably 
greater amount of fascia. The shunting effect of extra fascia or idle nerve 
fibers in reducing the current passing through the galvanometer has already 
been considered (cf. p. 504). There it was assumed that the fascia trav- 
ersed the whole distance between the galvanometer leads. In the present 
case it frequently does not, and the simple explanation no longer suffices. 
Nevertheless, it was found experimentally that a marked reduction may 
be brought about by extra fascia localized near the inactive lead, as follows. 

A nerve was placed in the chamber as usual and its action currents 
recorded after it had reached a steady state. A strip of fascia of cross 


TABLE 


Effect on apparent E.M.F. of action currents when nerve is reversed in chamber 


CALCULATED E.M.F. 
DIRECTION OF CONDUCTION = — 
Lead 1 | Lead 2} Lead 3 | Lead 4| Lead 5 


TIME AFTER 
EXCISION 


minutes | | 
| 


888 | 853 | 
441 | 457 | 
878 | 837 | 


64 Normal = centripetal 882 
S4 Reversed = centrifugal 427 
106 Normal = centripetal 874 


May 2, 1925. Cat’s peroneal nerve. See legend of table 10 for data. 


section sufficient to reduce the resistance between adjacent leads by about 
8000 was laid along the nerve in close contact with it. First it was so 
placed as to extend from lead 1 to lead 3. Action currents recorded under 
these conditions gave values for the E.M.F. almost identical with the 
controls. The fascia was then shifted so as to extend from lead 4 to 
lead 6. The action currents were notably reduced at all leads, the calculated 
E.M.F. values falling off by 35 per cent to 40 per cent (see table 12). We 
may add that the value of the resistance correction, p, was determined in 
each of these tests and found to be constant within the experimental error. 

This depressing effect of fascia localized near the inactive lead is due 
to the action currents no longer being purely monophasic. The fascia 
acts essentially like an extension of the lead-off electrode, making contact 
with active nerve above the crush. The photographs of excursions taken 
with the revolving mirrors, shown in figure 1, with and without additional 
fascia, show that the reduction in height is due to a flattening of the top 
of the curve. The sudden change in the slope of the curve must be due 
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wERve 


a 
NORMAL POSITIDN 


10 20 30 460 £50 60 70 8060 90 100 110 
MM FROM PERIPHERAL CRUSH 


Fig. 8. May 2, 1925. E.M.F. (in arbitrary units) of action currents from a cat’s 
peroneal nerve in ‘‘normal and reversed” position in chamber. See table 11 for data. 
Note that the zero of E.M.F. does not correspond to the base line of the figure. The 
nerve is represented along the abscissa, with its peripheral crushed end at the origin. 
The normal positions of the electrodes are indicated by the lower series of letters 
and numbers. The positions of the electrodes after reversal of the nerve are given 
by the upper, italicized, series, as though the chamber had been reversed about the 
nerve. A given ordinate thus represents a given point on the nerve, and normal 
and reversed response may be compared directly. Numerals on curves indicate the 
order in which observations were made. 
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to the passage through the string of a weaker current in the opposite 
direction, which checks the speed of movement even though it cannot 
overcome the momentum entirely. Measurements of the time of this 
break in the curve with various leads and various lengths of fascia indicate 
that the second phase follows the first by approximately the interval 
calculated for the conduction of the impulse from the first lead to the 
beginning of the added fascia. The slope of the initial rise of the excur- 


WERVE 
REVERSED 


fo 20 30 40 50 60 70 80 90 100 110 
MM FROM PERIPHERAL CRUSH 


Fig. 9. May 2, 1925. Shift-of-stimulus test for blocked fibers. See table 10 for 
data, and legend of figure 8 for explanation of numbering of leads. In this figure the 
abscissa of a point represents the position of the stimulating cathode, not the position 
of the lead-off. The latter is always leads 5-6. The ordinate represents the corre- 
sponding E.M.F. developed at lead 5. The bracketed (control) points were actually 
determined with the stimulus at position B, but are placed at the opposite end for 
convenience in drawing the dotted control line. Rise of E.M.F. above this line 
is due to the excitation of additional fibers. The maximum percentage increase is 
given for each series. 


sion, which should be roughly proportional to the current flow from the 
first lead, is unaltered by the fascia, or is slightly increased, due to the 
lowered resistance in the circuit. 

Fascia or any other conductor in contact with the nerve between the 
leads, but not reaching as far as either of them, gives more complicated 
effects. The fascia acts like a lead-off electrode, conducting a current 
along its length, always toward any region of activity in contact with it. 
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For example, suppose fascia extends from lead 4 to lead 5 while we are 
leading off from 3 and 6 (ef. fig. 2). As the impulse passes 3 there is the 
usual current flow from 6 to 3 through the galvanometer and from 3 to 6 
along the nerve. When the impulse reaches 4 there is current flow from 
5 toward 4 in the fascia, since 4 is an active region and the fascia acts 
like a lead in contact with it. The circuit is completed in two ways, partly 
by current flow from 4 toward 5 inside the nerve, and partly by way of the 


TABLE 12 
Effect of added fascia on apparent E.M.F. of action currents 


ACTIVE LEAD RESISTANCE OF NERVE 
IN MILLIMETERS PRVE 


Control series 


94 , 500 

78, 200 

7.51 59 , 500 

10.40 39 , 300 
8.97 20 ,000 


“ascia at leads 1, 2 and 3 


78,600 
69,500 
58,400 
39,300 
20 , 300 


“ascia at leads 4, 5 and 6 


79,400 451 

.59 63.300 403 

5.83 44,800 407 

3. 68 25,300 439 

3.93 12,100 260 

October 29, 1924. Cat’s peroneal nerve, mounted for centripetal conduction. 

Observations made 2 to 2} hours after excision of nerve. Temperature = 24.3° to 

24.7°. Stimulus = 9.44Z units. Total length of nerve = 105mm. Maximum pro- 

portion of blocked fibers = 2.6 per cent. E.M.F. in arbitrary units, corrected for 
p and stimulus. 


galvanometer. In this latter branch the current flows in the nerve from 
4 to 3, thence from 3 to 6 through the galvanometer, and from 6 to 5 in 
the nerve. This current through the galvanometer is opposite in direction 
to the original current, and tends to check the movement of the string. 
When the impulse reaches 5 the directions of current flow are all reversed, 
although following the same paths, and the string tends to move in its 
original direction once more. The action current is thus “‘tri-phasic”’ 
although the record is more or less smoothed out by the inertia of the string. 
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l 660 
2 605 
3 637 
4 673 
5 407 

1 6.22 64S 
2 6.58 620 
3 7.64 638 
4 10.35 669 
5 8.88 406 
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Erlanger and Gasser (1924) refer to the distortions of the action current 
due to the presence of idle electrodes between the leads, and even with our 
heavy string the effect described becomes apparent when a short circuit 
is established by a copper wire between two idle electrodes. 

We might expect that fascia localized near the active lead would increase 
the excursion by acting as an extension of the electrode along the nerve 
and thus lengthening the duration of current flow through the galvanom- 
eter. While this presumably occurs, it is obscured by a shunting effect. 
The fascia establishes a conducting path between the active region and the 
as yet unexcited nerve beyond and thus it acts as a shunt on the gal- 
yanometer, which is also making a circuit between active and unexcited 
(or injured) nerve.* The result is a diminished current through the gal- 
yanometer, as evidenced both by a smaller excursion and by a lesser 
slope of the initial rise of the excursion. 

Thus localized fascia or other conductor at any point between the leads 
may cause error, most serious if the extra material is in contact with one 
of the electrodes. Such errors are minimized by careful dissection and 
thorough cleaning of the nerve. With the preparation as we have de- 
scribed it, we cannot detect any evidence of a second phase in our usual 
“monophasic”’ records; but it is difficult to rule out such effects entirely. 
Without more delicate analysis and more adequate control of electrical 
conditions in the tissue and recording circuit one can make only a rough 
comparison of one nerve with another, and it is utterly impossible to es- 
timate such quantities as the maximum E.M.F. actually developed by a 
tissue (cf. Bishop, Erlanger and Gasser, 1925). On the other hand it is 
probably safe to compare the responses from a given point on the nerve 
under various conditions with normal values obtained from the same point 
on the same nerve. This is important, since it enables us to apply the 
method to study of the effects of narcosis or other influence applied locally 
to the nerve. 

The foregoing discussion of distortions due to fascia, etc., does not apply 
to adventitious material between stimulating and lead-off electrodes. In 
such a position the extra material is almost without effect. For example, 
a nerve was placed in the chamber with extra fascia from lead 3 to lead 5. 
It was crushed at 5 and at 6. The action currents from leads 1-5 showed 
clear evidence of a second phase, led off by the fascia. From leads 5-6, 
however, there was no response whatever. The crush at 5 effectually 
blocked the impulse, and the fascia could not conduct any current to the 
galvanometer with this disposition of leads. Theoretical discussion of 
this phenomenon is postponed to a later date. 


* Complete treatment of this problem becomes quite complicated. It is related 
to the problem of a poorly insulated power transmission line. Detailed discussion is 
postponed pending further investigation. 
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Another type of anomalous action current has occasionally been ob- 
served, corresponding closely to that described by Broemser (1923). 
The excursion starts normally and reaches its maximum as usual, but the 
return is cut short by a second, much slower excursion, lasting half a sec- 
ond or more, which gives the record an appearance very like that of the 
twitch of a muscle poisoned by veratrin. Occasionally the string passes 
below the base line before starting its second rise (ef. fig. 1). Unlike 
Broemser, we have observed no regularity in the phenomenon, either in 
the conditions of its appearance or in its magnitude or time relationships. 
We find no relation between the “phases’’ of these delayed excursions and 
the positions of our leads. In a single series of action currents from leads 
3-5 the interval between first and second maxima varies from 19¢ to 59c, 
with several action currents showing no delayed excursion at all. This 
observation is quite incompatible with Broemser’s interpretation of the 
phenomenon as due to “reflection of the impulse from the cut end of the 
nerve.”’ Briicke (1923) has already criticized Broemser’s interpretation 
of his records, but we may also note that such a reflection is incompatible 
with the existence of a refractory phase following the passage of an im- 
pulse. We rarely encounter such delayed excursions, and are inclined to 
attribute them to some undetected error of technique. 

Discussion. We may suggest a theoretical explanation of the altera- 
tions in the response of the nerve as a result of stimulation, rest, crushing, 
ete. It will be recalled that Waller (1897) demonstrated an increase in 
the ‘‘negative variation” of the demarcation current of the nerve resulting 
from a period of tetanic stimulation. The effect was exactly similar to that 
produced by a small concentration of carbon dioxide (e.g., expired air). 
From this Waller inferred the production of CO. by the active nerve. 
Such production has since been directly demonstrated by Tashiro (1913), 
and more recently, by a more perfectly controlled method, by Parker 
(1925). Therefore, in our cases we should expect the recently active nerve 
with its higher CO, content to give a greater electric response than the 
rested nerve which has had opportunity more nearly to establish equilib- 
rium with the current of air through the chamber. Our “‘treppe”’ is 
simply another aspect of the same phenomenon. Parker has further demon- 
strated an initial “gush” of CO. when a nerve is first excised, falling 
to a steady rate of evolution in half an hour to an hour. This corresponds 
quite closely with the initial fall in the electric response. A new gush of 
CO, follows crushing or cutting the nerve, and we find an increase in the 
electric response. On the other hand, no increased production of COs 
follows simple handling of the nerve, nor do we observe any increase in the 
electric response. Waller finds that excess CO, depresses the electric 
response, but gives no figures as to the concentration employed. It might 
be thought that the depression which we observe near a crush is due to 
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excessive CO, liberated at that point, but this would certainly not be a 
complete explanation, since we do not find the depression followed by an 
augmentation as the CO, has opportunity to diffuse away. It is more 
probably associated with fundamental degenerative changes of an irre- 
versible character.° 


SUMMARY AND CONCLUSIONS 


From theoretical considerations it is concluded that a valid objective 
measure of the intensity of the nerve impulse is the E.M.F. (either maxi- 
mum or average) of the action current. 

A method is described for obtaining values proportional to the E.M.F. 
by means of the string galvanometer. The method depends on using ¢ 
slack string which behaves ballistically, and requires the assumption of a 
constant duration of the action current in the individual fibers. It is 
applicable with fair accuracy to discharges lasting 4 o or less. 

A method of preparation of the peroneal nerve of the cat for study of 
its action currents is described, together with a control test for damaged 
fibers. The method is especially suited for experiments on the effect of 
narcotics or other procedure applied locally to the nerve trunk. 

The excursion of the galvanometer caused by the nerve action current 
is shown to be inversely proportional to the total resistance in the circuit 
plus a certain constant. The correction is shown to depend on the electro- 
magnetic damping of the galvanometer and to be very probably inde- 
pendent of the nerve. For our apparatus its value is 8600 ohms. 

The effect of fascia adherent to the nerve on the shape and magnitude 
of the action-current record is described, and the mechanism of the ob- 
served alterations is discussed briefly. This source of error cannot be 
controlled sufficiently to admit of close comparisons of action currents 
from different nerves or different points on the same nerve, but it does not 
invalidate comparisons of activity at a given point under various conditions 
which do not alter the electrical circuits, e.g., the local application of a 
narcotic. 

The electric responses of a mammalian nerve diminish progressively for 
about an hour after excision, coming to a steady state which may be 
maintained for at least two or three hours. This steady level of activity 
is slightly higher if the nerve is frequently stimulated than if it is allowed 
to rest. It is not affected by simple handling. Crushing the nerve causes 
permanent depression of activity perceptible as far as 20 mm. from the 
injury. At greater distances there may be a temporary increase. A 
theoretical interpretation of these effects is suggested. 


5 The relation of CO, tension to electric response is being investigated experi- 
mentally in more detail. 
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APPENDIX. Theoretical considerations of galvanometer behavior. An empirical 
formula relating galvanometer deflection to E.M.F., resistance, and duration of 
current has been derived from a series of tests. The following theoretical consider- 
ations do not attempt a mathematical treatment of the problem of the string gal- 
vanometer, which has been well covered by Williams (1924) and others, but are 
merely intended to indicate the factors which govern the behavior of the string 
under our working conditions, and the general character of the formula which ex- 
presses that behavior. 

Formula 5 above (p. 511) indicates that empirically our instrument acts as a ballis- 
tic galvanometer with respect to the brief currents employed. That is to say, the 
excursion is roughly proportional to the quantity of electricity passed through the 
string, irrespective of its time relations. The formula expressing the behavior ofa 
ballistic galvanometer (Brooks and Poyser, 1914) is 


(1) D 
) R =m 


where E = E.M.F. 
R total resistance 

= observed deflection 

= duration of current flow 

= a galvanometer constant 

= “damping constant’”’ 
This formula is derived on two assumptions; first, that LZ is small; and second, that 
the period of the galvanometer is long with respect to ¢. Neither of these assump- 
tions is valid in our case. In the first place, our string is heavily damped,—much 
more than enough to cause it to return to its base line without secondary oscillations 
This means that the second and possibly the third power of L should be included 


in the above equation; thus 
L 
t= mD{1+ 
R 2 


Now L may be considered as made up of two factors, namely, A = air damping, and 


B B 
R = electromagnetic damping. A and B are constants, and L = A 4 , woe 


assumed that the circuit through the galvanometer is always closed. This is true 
when the galvanometer is connected to the nerve (cf. Samojloff, 1913). 
Substituting in equation 2, solving for Z, and simplifying the equation by combin- 


ing constants, we obtain 
+ B+ 4 
i 
(3) E = K- 


in which K, 8 andy are newconstants. This indicates that on the basis of damping 
alone it would be necessary to add a correction factor to the resistance in order to 
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calculate E; but it does not explain the variation in this factor with ¢ as shown in 
table 3. 

But in the second place, the duration, ¢, may be nearly as long as the time required 
for the string to reach its maximum deflection. This is shown in table 13, based on 
observations made with a rotary interrupter (Forbes, 1921; and Veach, 1925) and 
the revolving mirrors, and it is clearly contrary to the second assumption of the 
ballistic-galvanometer formula. 


TABLE 13 (Appenprx) 


Relation between duration of current and time required for string to reach its maximum 
deflection 


CURRENT DURATION TIME TO MAXIMUM 


4.00 
4.36 
4.60 
6.60 


Current duration is calculated from speed of commutator and separation of 
brushes on rotary interrupter. Time to maximum measured by revolving mirrors. 
Height of excursion 15 mm. in each case. 


Fig. 10. Schematic representation of the excursion of the string in response to a 
constant current of 1.7¢ duration, as shown by the revolving mirrors turning at high 
speed. Read from left to right. Based on pencil tracing of the standing wave (ef. 
fig. 1,A1). Dots show time in sigma. Current flows during the interval ¢. For 
other subdivisions of time and height see text. d,; and t’ are both exaggerated in this 
drawing. 
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Study of the shape of the rising branch of the excursion, made with the mirrors 
revolving rapidly, shows that it may be divided into three definite parts (ef. fig. 10 
namely 1, a brief period, t’, during which the string is acquiring velocity and the curve 


is concave upwards; 2, a period, t — t’, of movement with constant velocity, the curve 
being straight; and 3, a period, ?”, of movement with rapidly diminishing velocity, 
the curve being concave downwards. The end of the second period coincides with 


the cessation of current flow. We also see that t’ is short as compared with t" and if 


the period of movement with constant velocity were absent we could justly apply the 
ballistic formulas to the remainder. Thesum of the distances d; + d;is the excursion 
which would result from a current of the strength in question and of duration ¢’. 
We can therefore write, substituting in equation 3 


(d, + d;) (x 


K 
or, transposing 


(4) 


The period of movement with constant velocity while the current continues to flow 
introduces new considerations. The movement of the string during this time is 
governed by two main factors. The force tending to accelerate the string is propor- 
tional to the current, J, flowing through it; and the force resisting its motion, due to 
air friction, is proportional to its velocity (Einthoven, 1905; and Williams, 1924 
For small excursions with a slack string we may neglect the retarding force due to the 
stretching of the string (cf. table 1). When the accelerating and retarding forces 
are equal we have movement with constant velocity, and this velocity will obviously 
be proportional to the current, J. The distance, d2, travelled during the time t — t’ 
will therefore be given by 
(5) d, = al(t — t’) 
where @is a constant of proportionality. Now the current flowing through a conduc- 
tor in motion in a magnetic field is given by the expression 


where ¢ is the ‘‘back E.M.F.”’ generated by such movement. But e is proportional 
to the velocity of movement, and the velocity in turn is proportional to7. We may 
therefore write 


Whence 


| 
| 
Et’ 
= d; + d;) = 
K(r +p 4 =) 
E 
R 
— gl 
R 
E 
I = 
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Substituting in equation 5 we have 


(6) (t — t’) 
+ 9 


But the total deflection, D, is equal to the sum of its three parts, d,, d, and d;, 
and therefore, adding equations 4 and 6 


Ev’ 

= — t') 
TR 


D 


Solution of this equation for E vields an equation of the type 


R+a+~ 


f (t) 
t + g) ‘- 
( g) + R 


in which K’, a, 6, c and g are constants representing various combinations of the 
original constants K, a, 8, and ¢; and where, further, ¢t’ has been assumed to be small 
with respect to ¢, and constant. The approximate accuracy of this last assumption 
under the conditions of our experiment is verified by direct observation with the 
revolving mirrors. 

Further analysis is superfluous, since it is impossible practically to evaluate the 
numerous constants involved; but the appearance of terms containing both R and ¢ 
indicates that the variation of our empirical factor p with changes in ¢, and the 
consequent presence of curvature in the lines of figure 4 are in accord with the prin- 
ciples of galvanometer behavior. As has already been pointed out, these variations 
do not appear when nerve action currents are being studied, which indicates that 
under these conditions the variations in the terms in question become negligible. 

These considerations show that we must expect to add a correction to the meas- 
ured resistance before calculating the E.M.F. from the excursion of the string and the 
resistance in the circuit. What the exact value of this correction may be cannot be 
calculated, and we must use our empirical factor, p. This empirical factor includes 
the theoretical correction just described, but may possibly exceed it. For example, 
it is conceivable that the resistance in the nerve actually encountered by the action 
current is greater than that measured by the Kohlrausch bridge. Such might be the 
case if, near the active region, the current generated by the nerve and flowing toward 
the crushed end were confined to the cores of the various fibers and only gradually 
distributed itself throughout the whole substance of the nerve trunk. The Kohl- 
rausch-bridge current, on the contrary, might be evenly distributed between cores 
and interspaces throughout practically the entire length. We hope, however, to 
present additional evidence in a later communication indicating that any difference 
of potential between the inside and outside of the nerve fiber, other than the normal 
resting potential difference, is equalized in a very short distance. And certain find- 
ings of Bishop, Erlanger and Gasser (1925) strongly support this idea. In any case 
the good agreement in the values of p as determined with and without nerve argues 
strongly that the correction factor is due to the galvanometer alone. 
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irritating and burning Tincture of Iodine. It stains, it penetrates and it furnishes a relatively 
permanent deposit of the germicidal agent wherever applied. It possesses the advantageous 
properties of Iodine without the disadvantageous. 

Mercurochrome is in routine use as a first aid prophylactic antiseptic in many of the clinics 
serving large industrial concerns. Information as to the effectiveness of Mercurochrome in 
this field will be furnished upon request. 

We respectfully suggest the education of the public to the use of Mercuro- 
chrome as a prophylactic first aid antiseptic in place of Tincture of Iodine. 
The medical profession is of course the proper agency for such education. 


HYNSON, WESTCOTT & DUNNIN 
BALTIMORE 
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